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An interim reference design for the NEL Oscillating Water 
Column has been developed to the stage where construction 
in reinforced concrete or structural steelwork is practic-
able, using existing or developed technology. This is 
described together with a philosophy for operation and 
maintenance. 
Lithgows Limited, Port Glasgow, contributed the study of 
the construction of the reference design in steel. 
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CHAPTER 1 GENERAL DESCRIPTION: 
Description of the Structure 
"The NEL Oscillating Water Column deviqe extracts energy 
from the waves as follows: 
1. Primary System: 
A column of water is induced to oscillate by 
wave action and its motion is used to pump 
air through the secondary system. 
2. Secondary Conversion System: 
(a) The air flow is rectified by louvre non-
return valves to a unidirectional flow; 
(b) This air flow drives a reaction turbine, 
which, in turn, drives an electric 
alternator; 
(c) Produce d AC is collected from the 
alternators and rectified for trans-
mission to shore as DC. 
Six water columns with associated secondary equipment are 
housed in a floating unit constructed in either concrete or 
steel. Twenty five floating units make up the lOOMW Power 
Station. 
This refere nce de sign has been develope d in orde r to provide 
























Description of the Structure contd. 
The NEL Oscillating Water Column device has been tank tested 
in a wide tank using various numbers of individual water 
columns. For the purpose of further study, a floating unit 
consisting of six columns was selected as giving good pros-
pects for performance combined with reasonable size for 
construction and mooring. This is the configuration which 
is now presented as the interim reference design. It is a 
compact and rigid structure, with inherently good survival 
characteristics due to its ability to 'ride the punch' in 
extreme conditions. A longer unit would suffer greater 
structural loading and have a tendency to force the end 
columns under the water with the risk of flooding the turbine. 
Various shapes of c r oss section of the device were tested 
in a narrow tank and the one chosen for the reference design 
in concrete, whilst not the most efficient, was the practical 
shape which was thought to give an acceptable overal l e ff-
iciency. This was a rectangular shape 35m wide, wi t r a 
draft of 25m when at r est . Thus, the concrete reference 
design floating unit consists of six water columns of 
12m x 18m cross section, forming a box 116m long x 35m wide 
and 30 - 35m high. In order to give the structure long life 
in the corrosive marine environment with a minimum of main-
tenance, ancillary structural steelwork has been kept to a 
minimum and been confine d to the upper parts of ·the machinery 
space and the air ducting. It may be possible to replace 
even some of this with glass reinforced plastics. 
For the reference design in steel, the cross section adopted 
was that of the model which gave the best overall efficiency 
in the tank tests. This reference design has not, however, 
been optimised from the point of view of construction. The 























Description of the Structure contd. 
long x 35m wide x 33m high (see Appendix 'B' for test 
summary). 
The structures will be moored using a tensioned system with 
conventional anchors, clump weights ·, and mai nly man-made 
fibre ropes in preference to wire or chain, thereby pro-
viding sufficient elasticity to eliminate snatch forces. 
The structures will lie in an approximately north-south 
line off the West Coast of Britain at a spacing of approxi-
mately 540m centre to centre, i.e., a clear space of some 
400m between each structure, which .could permit small craft 
to pass through b e twe en the units. The total length of the 
line of the 25 uni ts n e ede d for lOOMW output is 13.SKm. 
It is not thought a dvisableto have the structure continuously 
manned due to its c onstant motion and low profile in the 
waves. Accordingly , the systems of operati ng and mainten-
ance have be en des igne d on the basis of re mote control and 
servicing by i mporte d crews as necessary. Control is from 
























CHAPI'ER 2 STRUCTURE: 
Two concepts of the structure are presented. The 'base case' 
has been taken as a concrete construction a nd the design 
developed around this (Drgs. Nos. 1 and 2). At the same 
· time, a structural steel unit having similar output capacity 
has been designed and documented by Lithgows Limited, Port 
Glasgow, in the form of a Pilot Study, using their shipyard 
facilities, (Drgs. Nos. 5, 6, 7, 8 and 9). 
(a) Concrete 
Description o f Structure and Philosophy of Design 
The reference design structure is a long rectangular 
box (116m x 35m, 30-35m high), divided by stiff cross 
walls into six sections, each of which contains a 
water column and associated mechanical equipment. 
Due to the assymme t ry of the cross section of the 
device, large amounts of ballast are required at 
the opposite side to the water column to ensure 
that the structure floats at the correct 
inclination. 
The design philosophy used is limit state as 
embodied in the various codes and recommendations 
noted in Appendix 'C'. A section is initially 
designed so that it will not fail at the worst 
ultimate limit state (ULS). It is then checked 
to ensure that it complies wi th various service-
ability limit states (SLS), which include deflection, 
cracking, vibration, corrosion and fatigue. 
For the underwater sections, the cracking SLS 
is the most onerous, with the requirement that 
























Description of Structure and Philosophy of Design contd. 
through the entire section . In areas adjacent 
to the water column, the fatigue SLS becomes more 
important because it is expected that up to 3 x 
108 stress cycles may occur in the 50 year design 
period. 
The underwater sections of the structure are 
subject to a varying hydrostatic pressure which 
for the purpose of analysis, may be split into 
two components. The first is the steady value 
appropriate to the depth of the section under 
consideration when the structure is floating in 
still water. The second is the variable 
component due to wave action. The design 
calculations carried out for this stage of the 
study allowed for the dynamic nature of the wave 
action by multiplying the wave height by l½. 
Sections adjacent to and above the static water 
line will be subjected to breaking wave loads. 
Very little information is presently available 
upon the magnitude or application of these loads. 
Accordingly, the design calculations can not 
fully take these into account, and it is recog-
nised that they may be more severe than the 
loadings presently used. 
Vertical hogging and sagging loads due to waves 
of the same length as the structure have been 
assessed and their effects superimposed upon the 
stresses found for the local hydrostatic and 
dynamic loadings. The mooring forces cause 






















Description of the Structure and Philosophy of Design contd. 
In the region of the base and lower external walls, 
the variable portion of the loading is fairly 
small in comparison with the steady ccmponent. 
It was found that reinforced concrete sections 
were adequate to satisfy the cracking SLS without 
requiring prestressing. Due _to the severity of 
the cracking SLS it was also found that these 
sections had very high reserves of ultimate strength. 
For sections nearer the water line, the wave action 
component of the loading predominates and, allied 
to the necessity to keep weight to a minimum, pre-
stressing is required to ensure that t he cracking 
SLS (which is more severe in the splash zone} is 
fully satisfied. The rear external wall of the 
structure has been designed using reinforced con-
crete supplemented by partial prestressing. 
Due to the effects of breaking waves and wave 
slam, prestressed s e ctions will be used in the 
water column nose and front wall of the structure. 
This will allow some measure of precasting. 
To speed up construction once the structure is 
afloat, precast prestressed planks similar to 
sections pres ently commercially available have 
been selected for the water column cove r slab, 
for decking out the machinery spaces and for 
forming the exhaust ducts. The planks covering 
the water column are carried on two transverse precast 
prestresS=d concrete teams which are propped near their 
centre. All these planks will be prestressed 
transversely in a similar way to cellular concrete 























Description of the Structure and Philosophy of Design contd. 
breaking or overtopping waves. · 
Structural Design Specification (Concrete) 
The detailed Structural Design Specification is given in 
Appendix 'C'. The basic design code for concrete sections 
is BS CP 110 'The Structural Use of Concrete'. This is 
supplemented by other documents which vary the provisions of 
CP 110 to take account of the more difficult conditions 
experienced in the marine environment. Structural steel-
work required for the reference design has been designed to 
BS 449 'The Use of Structural Steel in Building'. 
The limit state philosophy used for the concrete de sign work 
requires the determination of various service loads under 
different environmental and operating conditions. Ultimate 
loads are then derived from service loads, multiplied by 
partial safety factors which are determined · according to the 
reliability of the calculations for the values of the loading 
force s. The ultimate strengths of the materials used are 
also modified by a partial safety factor appropriate to the , , 11 
quality obtainable under site conditions. 
Cracking has been found to be the most onerous of the 
serviceability limit states. Crack widths have been limited 
to small values in splash zones because of the corrosive 
nature of the environment. Elimination of cracking across 
the complete section is necessary in submerged zones to 
ensure that the structure remains watertight. 























Structural Design Specification (Concrete) contd. 
susceptible to fatigue failure because of the low stresses 
to which it is subjected. However, in view of the corrosive 
environment and the expected high number of stress cycles, 
a fatigue limit state in the form of a permissible stress has 
been given. This is in line with qurrent good practice. 
For reinforcement the stress range is considered more import-
ant when fatigue is being considered . A suitable maximum 
value has been given which is applicable for any minimum 
stress level. 
Experience of structures already installed in the North Sea 
has sh~that shear reinforcement must be evenly spread 
throughout the structure. A maximum spacing of 400mm has 
been given for any size or type of shear reinforcement. 
For normally reinforced sections, a concrete strength of 
40N/rmn2 gives adequate durability. With the more 
sophisticated crack width calculation methods, which have been 
developed recently, it has been found that high strength re-
inforcement may be used. 
The precast prestressed sections require a concrete strength 
of at least 50N/mm
2 
in order to shorten the time at which 
transfer of prestress may be made. 
In general, Grade 43 steel will be used for structural steel-
work sections. Fatigue· is considered to be a major problem 
and will be analysed using the cumulative damage method. 
For preliminary design work, the damage limit ratios have 
been translated into an additional safety factor which will 

























Structural Design Specification (Concrete) contd. 
Environmental data has been taken initially from the 
Department of Energy Guidance Notes for Offshore Installa-
ti ons . However, a much fuller analysis based on data 
a vailable from South Uist and OWS India is being carried 
· out. 
Sequence of Construction 
Concrete Body 
The dimensions and the construction sequence for the concrete 
structure have been based on the premise that existing 
shipyard or oil platform construction facilities will be 
used, (Drg. No. 3). 
. 1. Prepare floor of dock to give a flat rigid con-
struction area of at least 120m x 4Dm. The 
area directly under the structure (116m x 35m) 
is covered with a separating layer to facilitate 
float-off of structure . This layer must also 
prevent loss of cement grout from under-surface 
of base slab. 
2. Place high t ensile steel reinforcement for base 
slab and starter walls, erect edge shuttering 
and place concrete in base to full depth of 
0.8m using 40N/mm2 strength concrete. 
3. Er e ct reinforcement and shuttering for outer 
walls and main longitudinal wall usi ng fixed 





















Sequence of Construction contd. 
in these starter walls and erect slip form 
shuttering after stripping fixed shuttering. 
4. Slipform all external waJ.ls ·to height of approxi-
mately 15m, except for front wall at water column 
entrance, which terminates at· 12m. 
5. Erect reinforcement and fixed sh~ttering to all 
other internal starter walls. 
6. Complete all interior walis to 12m level using 
fixed shuttering and construct slab at 12m level. 
7. Remove all construction equipment from dock, clean 
area and ballast down concrete structure to ensure 
no float-off until after dock fully flooded. 
8. Flood dock by syphon or pumping, check that water 
has penetrated under all parts of base of concrete 
structure and deballast structure (draft 8.3m, 
under keel clearance lm minimum). 
9. Open dock gate or complete removal of bund and 
tow out to sheltered deep water construction 
site, moor, and connect up shore conununications 
and access. 
10. Conunence erection of steel bulkheads to close off 
face of water columns (s trutted off inner wall and 
erected progressive ly as concrete construction 
proceeds). 























Sequence of Construction contd. 
until full height is reached. 
12. Construct internal walls using fixed shuttering. 
Precast 'nose' sections, roof beams and planks' 
on-shore. 
13. Clear shuttering and place precast nose sections 
which are then stressed and grouted. 
14. Place roof beams and 'planks' and fix in position. 
15. Place ballast concrete in lower cells and add 
trimming water ballast as necessary. 
16. Install machinery and equipment . 
17. Construct 'conning tower'. 
18. Complete roofs, access and escape hatches. 
19. Trim finally with ballast water and prepare for 
tow to operating site. 
(Note: bulkheads remain in position over wate r 
colunm entrances until after tow to site.) 
Construction Programme 
A bar chart programme for the construction of concrete units 
























Construction Prograrrune contd. 
This shows that after an initial construction period of 
approximately nineteen months, one unit per annum can be 
produced from a single construction site. Certain sites 
can provide facilities for construction of up to six units 
concurrently. Assuming construction begins early in the 
year, the units are ready for installation in August/ 
September of the following year when favourable weather 
might be expected to allow connection to moorings. Such 
a construction schedule would minimise the time units would 
be delayed due to bad weather at installation time and allow 
additional units to be commissioned prior to winter peak 
demands for power. 
(b) Steel 
Description of Structure and Principal Dimensions 
The layout configuration of the unit (121.5m x 35m 
x 33m high) is as shown on the Outline General 
Arrangement (Drg. No . 5). Each unit consists of 
a bank of six modules, i.e., 
5 modules 
1 module 
20.0 metres long 
21.5 metres long. 
Each module is s ubdivided into 7 tanks, a machinery 
compartment and a duct space. Shelter type 
accommodation spaces are arranged in two of the 
modules and a storage space is arranged in one of 

























Description of Structure and Principal Dimensions contd. 
The accommodation shelter space and storage space 
are situat ed on an intermediate flat. There is 
an inter-connecting passageway at this level between 
all modules. _An arrangement of watertight doors 
results in each module being a separate watertight 
compartment . Two access/observation towers are 
arranged topsides providing main access to the 
compartments below. It is intended that one of 
these observation towers could be used as a control 
post when maintenance operations are in progress. 
These towers provide sheltered observation facilities 
particularly in adverse weather. 
An allowance of 1,000 tonnes has been made for 
power generating equipment, towing and mooring 
fittings and other agreed fittings which will be 
on board to allow the unit to perform its operationa·1 
duty. 
A provisional lightweight of 13,000 tonnes has been 
estimated including the 1,000 tonnes of equipment 
on board referred to above. The floating steel-
weight is estimated to be about 12,000 tonnes, but 
+ could vary by - 12½%. 
To arrive at this steelweight, a preliminary 
investigation into possible scantlings has been 
carried out. In determining scantlings, consider-
ation was given to the operating draft, the location 
and sea state during operation, the resultant 
motions, and the fact that the unit would be in 
























Description of Structure and Principal Dimensions contd. 
These indicated a fairly robust marine vehicle. 
Because of these considerations, in the preliminary 
scantling evaluation, Lloyds rules for tanker 
construction were used where appropriate. 
It should be noted that the Wave Energy unit, built 
in steel, will be launched on its side, ballasted 
upright before mooring at its sea station, and will 
be eventually deballasted to the original launch 
configuration for drydocking. 
These uprighting or semi-overturning operations will 
demand structural strength capability. All these 
factors would at this early stage justify the 
tanker rule approach. 
The unit will be constructed in mild steel to the 
specification and approval of the appointed 
Classification Agency (Drg. No. 6). 
The type of construction adopted will be as follows: 
The unit will be longitudinally framed, the 
longitudinal members supported by transverses 
spaced about 4 metres apart. 
Transverse bulkheads will be arranged with vertical 
stif feners supported by hori zontal stringers. In 
way of the water column area, double skin tranverse 
bulkheads will be s tiffened vertically, the stiffen-























Description of Structure and Principal Dimensions contd. 
All steel intended for fabrication will be flame 
heat dried, shotblasted to S.A. 2½ standard, 
prime coated with a selected epoxy based fabrica-
tion primer and oven dried. An external coating 
system of chlorinated rubber and anti-fouling is 
proposed along with pitch epoxy coatings for the 
internal water ballast tanks. 
Impressed current and sacrificial anode systems 
have been considere d. After discussions with 
suppliers, a sacrificial anode system is pro-
posed. 
Sequence of Construction 
Within Lithgow's fabrication shed facilities, the wave energy 
units will be constructe d in prefabricated sections of up to 
85 tonnes in weight. These sections will be joined together 
into assembly units of up to 225 tonnes in weight. To suit 
the necessary launching requirements, the wave energy unit 
will be erected on the building berth as s hown on Drawing No. 
7, all in accordance with a sequence of building control, 
using the 225T Goliath crane . It is the intention to install 
all equipment necessary for the operational role of the wave 
energy unit, prior to launch, and this will be part of the 
sequence of building methods adopted. Equipment installed 
will include all piping n e cessary for the ballasting and 
deballasting operations . 
Preliminary launching evaluati ons for Lithgow's facility only 























Sequence of Construction contd. 
allowing for water over way ends of about 2.8 metres, have 
been carried out. 
To achieve this order of water ove r way ends at Lithgow 
Limited's Glen Yard, an extension to the existing launching 
prongs will be necessary. Results show that this extension 
may require t o be increased due to bow dip occurring in the 
chosen launch condition. 
After launching, the wave energy unit will be towed to the 
Scott Lithgow outfitting quay and moored (Drg. No. 8}. 
Preparation f or the follow-on upr ighting ballasting operation 
will be carried out at this location. The unit will then 
be towed down the river channel and on to the ballasting 
location (Drg. No . 9}. The unit will be moored , then 
ballasted down using a barge or support vessel suitably 
equipped with pumping and control e quipment . 
The ballasted unit will be t owed to the operating site. 
Construction Programme 
It i s anticipated that in the production of a series of wave 
energy units, the following r eduction in direct labour man-
hours c an be achieved: 
(a) Fabrication shed manhours 
Unit 1 100% manhours 
Unit 2 95 % manhours of unit 1 
Unit 3 90 % manhours of unit 1 
Unit 4 





















Construction Programme contd . 














95% manhours of unit 1 
90% ma nhours of unit 1 
100% manhours 
95% manhours of unit 1 
100% manhours 
30% manhours of unit 1. 
Material costs and labour rates will vary in accordance with 
appropriate indices for the respective timescale for construe-

























CHAPTER 3 ONBOARD EQUIPMENT 
The NEL Oscillating Water Column device consists of two 
systems, the Primary Conversion System which is the oscillat-
ing water column itself, and its housing which forms part of 
the structure (described in Chapters 1 and 2); and the 
Se condary Conversion System which is all the plant used to 
convert the wave energy in the water c olumn into electric al 
p ower . 
The Secondary Conversion System 
The Secondary System consists of four banks of rectifying 
valves and one air turbine directly coupled to an electric 
alternator, for each of the six air columns, plus all 
ancillary equipment necessary to support power production. 
The rectifying valves are analagous to a four valve 
electrical rectifier and convert the oscillat ing air flow 
in the column into a pulsating, but unidirectional, supply 
to the turbine. 
In designing the system, the emphasis was placed on high 
efficiency at the cost of some increased complexity. High 
reliability can nevertheless be achieved by good enginee ring 
design and sound operational practices. 
Performance and other design calculations pertaining to the 
system are given in Appen dix 'D'. 
Mode l test experience in the narrow tank at NEL indicate s 
that the column motions of correctly damped free-floating 
devices are always controlled , even in extreme conditions, 
and never threate n to flood the turbine completely. However, 























The Secondary Conversion System contd. 
investigation into this problem, a ducting similar to tha t 
of this reference design was tested in the Edinburgh tank 
at 1 / 150 scale. Some results of -these tests are given in 
Appendix 1 D 1 • These indicate that the quantities of wat er 
entering the ducting will not prove . an over-riding problem . 
Rectifying Valves 
Drawing No. 12 shows an outline design of the valves of 
which there are four banks per column as shown in the 
General Arrangement. Detailed design of the valves has 
still to be undertaken. 
The valves are hydraulically actuated and form a cascade 
when open which assists the flow around the bends in whi ch 
they are situated. The actuators are signalled by the 
pressure difference across the valves . The requirement 
is for a high strength to weight ratio, corros ion resistant 
material and GRP (medium quality) has been selected . The 
valves rotate about a point close to their centres of gravity 
thus minimising the actuation torque . When closed, the 
leading and trailing edges are sealed by a compliant element 
kept under compression by the actuators. Leakage around 
the sides is controlled by maintaining a clearance of not 
more than 2.0mm . The rotary actuators will be powered by 
a hydraulic accumulator ' through a control valve, the 
accumulator being kept charged by two electrically driven 
hydraulic pumps , each capable o f maintaining the pressure 

























A radial inflow turbine has been selected because machines 
of this type have high efficiencies and a head-flow character-
istic approaching the linear ideal. · Variable inlet guide 
vanes (VIGV 1 s) which are used to enhance the cycle efficiency 
automatically adjust to suit the instantaneous flow rate, as 
signalled by a pressure differe ntial in the pneumatic 
circuit. There is an over-riding control imposed upon their 
operation by a rev/min signal and in this way the VIGV 1 s 
are also used to prevent overspeed. 
The mechanical design of the turbine has not been undertaken. 
It is, however, envi saged that the ducting, the VIGV 1 s and 
runner would be m~de from GRP. The design speed and head 
of this machine are modest by current standards so that 
stress levels in the runner . wi ll be low. Gyroscopic loads 
should not cause any difficulty. 
The following data applies: 
Design Head 
Design Flow 
Design Power (output) 
Design Speeds 
Runner Di ameter 
Estimated Runner Weight 
Estimated Runner Radius o f 
Gyration 
Estimated Iµertia Constant 








A very preliminary study by International Research and 
Development Limited of the effect of different inertia cons-
tants on syste m perfonnance indicated that there is an optimum 
value of around 15 sees (refer to TAG 6 paper 1 A Preliminary 























Air Turbine contd. 
Requirement for use with the NEL Oscillating Water Column' 
by J R Bumby, 12 May 1978). In view of these findings, no 
additional rotating inertia (flywheel) has been provided. 
Alternator 
The Power Station is designed to give a maximum continuous 
input to the National Grid of lOOMW. Assuming this to be 
divided equally between the 150 alternators, it gives 
approximately 850kW per machine, allowing for losses. This 
is the mean about which the instantaneous output will fluct-
uate in extreme conditions. Peaks up to perhaps 3MW need to 
be tolerated in order to achieve this mean. The alternator 
is controlled locally by an AVR system with over-riding 
current and temperature limit feedback. and backup fuses. 
Specification 





l.5MW at 500 rev/min 
800 rev/ min 
6.6kW 3ph. 
The estimated weight is 20,000kg. 
Othe r Onboard Equipment 
All necess a ry control and monitoring equipment is duplicated 























Other Onboard Equipment contd. 
Bilge and drainage pumps are powered electrically and 
operate as required from onboard indication. Reserve· 
batteries power standby equipment ·in the event of a mains 
failure. 
Navigation and warning lights are displayed on the 'conning 
tower'. 
The following list covers the main items of equipment: 
Secondary system isolation valve 
(permits maintenance of secondary system) 
Column control (bypass) valve 
(allows column damping to be maintained 
when isolation valves are closed) 
Overhead gantry cranes 
Generator cooling system 
Main switches 
Ballast handling pumps and valves 
Bilge pumps 
Turbine duct drain pumps 
Auxiliary supply transformers 
Auxiliary supply batteries 
Lubric~tion systems 
Condition monitoring equipment 






















" ·-:, , 
1, , 
COMMERCIAL-IN-CONFIDENCE 
CHAPTER 4 TRANSMISSION SYSTEM 
The recommendations contained in TAG 6 paper 'Proposal 
for the Electrical Transmission by ·. hV - DC from Wave Energy 
Converter to Shore' by J D Ainsworth, 26 September 1977 have 
been adopted . 
The outputs from each of the six alternators onboard each 
floating unit are transmitted by separate flexible cables to 
separate diode rectifiers through isolation (step-down) 
transformers. The six transformers and rectifiers, together 
with the necessary switchgear, are housed in a single module 
situated on the seabed. All the 150 rectifiers of the 
power station are conne cted in series and supply the 
national grid through a single, shored-based, inverter and 
control station. A feature . of this arrangement is that 
there is no requirement for a communication link to co-
ordinate rectifier, alternator and inverter control the 
alternator and rectifie r being controlled locally. 
Monitoring and over-riding control cables are, however, 
provided. 
The proposal for the power export cable comprises six 
flexible cables together with the control cables contained 
in a GRP sprung helical tube. These cables, the tube and 
the seabed module would be installed on the seabed as one 
sub-assembly. 
diving bell. 
Subsea connections would be made using a 
The flexible c ables would be connected up 
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COMMERCIAL-IN-CONFIDENCE 
CHAPTER 5 MOORINGS 
A tensione d spread mooring is seen at present as the most 
likely system to satisfy the requireme nts of the design. 
Moorir1g Design 
The moorings are tensioned and consist of twenty four mooring 
lines to attachment points at two levels on the unit. 
Drawings Nos.14 and 15 show the layout of the system at 
rest and in the extreme positions assumed in the calculations. 
The attachment points on the concrete structure are at 14 and 
18 metres below the water line to allow cle Qrance for ships 
to come alongside f or maintenance and repair of equipment. 
The stee l version of the unit would have mooring points 
situate d in similar locations. The mooring lines are made 
up of approximately 30m of wire rope at the top end for hook 
up, 124m of eight plait nylon rope in the middle section for 
elasticity, and approximately 10m o f wire rope at the bottom 
end for attachment to the deadweight concrete block, or 
anchoring point and to pre vent abrasion of the nylon rope on 
the seabed . 
The type of anchors will be determined by the seabed con-
ditions and since the unit s will be spread out over a large 
area, different seabed conditions will be encountered . In 
the absence of a full site investigation , it has been assumed 
that the seabed is sandy and flat. 
Since the mooring system is t ensione d, there are large up-
lift forces. A combine d sys tem of concrete deadweights to 
resist the uplift forces and drag anchors to r es ist horizont-


















Mooring Design contd. 
The eight plait nylon rope was selected f or its particular 
characteristics: 
(a) high strength and energy absorption capacity; 
(b} high resistance to cyclic loading and abrasion; 
(c) highest extension of all the fibre ropes; 
(d) flexibility and resistance to kinking. 
These characteristics are necessary to the tensioned system 
to obtain as short a scope as possible . 
Basis of Design (See Appendix 'E') 
1. Maximum horizontal force exerted on the unit by the 
mooring - 24MN. 
2. Maximum horizontal excursion of~ 30m from pretension 
position. 
3. Maximum vertical excursion of+ 16.Sm from pretension 
position. 




Two rows of attachment points are provided at depths 
o f 14m and 18m. 
Maximum load capacity of each attachment point - lSMN. 
Safety factor on attachment points of 4 giving maximum 




















Basis of Design contd. 
8. Safety factor on mooring line load of 2.5 
9. The mooring lines are never allowed to lose tension. 
10. All lines are of the same length for practical reas ons 
of availability and storage of spares etc. 
11. The lines consist of three sections: 
30m of wire to allow hook up 
124m nylon to provide elasticity 
10m of wire to protect nylon from 
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COMMERCIAL-IN~CONFIDENCE 
=C=H~AP~TE~=R~6 __ ~I=N=S~T~ALLATION: 
The floating units will be moored in a single line running 
north-south, with an interval of approximately 3½ unit 
lengths between each unit. A single line is the array which 
gives the optimum abstraction of energy from the approaching 
wave fronts for the capital invested. 
Site Preparation 
Prior to the installation of a unit's mooring system, a 
comprehensive survey of seabed and soil conditions will be ~ 
carried out and a suitable anchoring system selected . The 
location will be marked by a survey vessel using modern 
and accurate methods of fixing position at sea. The site 
for each unit will be marked by an array of marker buoys 
and acoustic transponders positioned so that the location at 
which each anchor has to be laid can be readily determined . 
Anchor Installation 
The anchor in the proposed mooring system comprises of two 
parts a fluke anchor (Bruce type) and a concrete dead-
weight the fluke anchor to resist horizontal forces 
and the deadweight the vertical forces. Installation will 
comprise of first laying the fluke anchor and a length of 
chain from an anchor handling supply vessel fitted with 
position fixing equipment. The anchor will then be 'dug-in' 
in the desired direction. With the aid of a second vessel, 
a proof load will be applied to the anchor to approximately 






















Anchor installation contd. 
The final position of the anchor will be computed and 
charted . The end of the chain will be marked by a buoy 
attached to a pennant wire. 
for all 24 fluke anchors. 
This operation will be repeated 
The deadweight will be installed from a crane barge, which 
will lower the deadweight using the pennant wire as guidance. 
The deadweight will have a temporary acoustic transponde r 
fitted to ensure accurate positioning. The final locking-
on of the deadwe ight to the chain will be carried out by 
divers operating a chain stopper. 
Rode Installation 
The combine d mooring rode made up of man-made and wire 
rope, will be attached to the deadweight anchor using a 
socket installed on the anchor. The s urface end of the 
rode will be supported in a finger buoy to facilitate final 
connection to the unit. 
All mooring rodes will be installed in this manner, and 
buoyed at the surfac e prior to the arrival of the unit • 
Connecting Up 
Each mooring point on the unit, prior to leaving the fitting 
out location, will have a steel mooring cable attached with 
the free end made fast to the deck . 
The unit, under tow by four tugs, will be positioned in the 




















Connecting Up contd. 
The connections will be made using a .mooring barge having 
two winches each with a heaving capacity of 1.5 MN. 
Starting at the weather side at one corner No. 24 (See Drg. 
No. 14), the mooring barge will moor alongside the unit and 
with the assistance of a tug, connect the winch wire to the 
pick-up buoy of the prelaid mooring. The buoy will then be 
winched towards the unit, and the connection between the wire 
and the man-made rope will be made using a conventional 
shackle. A similar procedure will be followed at the 
opposite corner No . 9. The operation is then repeated for 
Nos. 12 and 21. The unit is now on station, having one 
mooring attached at each corner, and the tugs can be released. 
The remaining connections are then made in the following 
sequence, 3, 4, 5, 6, 15, 16, 17, 18, 12, 22, 23, 11, 1, 2, 
7, 8, 13, 14, 19, and 20. 
A concrete structure has the water head on each side of the 
bulkhead gates balanced and the gates removed by crane and 
divers, and is then trimmed with ballast to its operating 
mode. The gates will be returned to construction site for 
further use and ultimately retained for future maintenance 
work . 
The same operations would be carried out for a steel structure 
although it is likely it would be towed out already ballasted 
and with the water columns open . 
Connection to System 
Supply and control c ables which have all been previously 
laid on the seabe d and buoye d off , are picke d up and winched 
aboard the flo a ting units. The ctinnections are made in 
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COMMERCIAL-IN-CONFIDENCE 
Connection to System contd. 






















CHAPTER 7 OPERATION AND MAINTENANCE: 
Operation 
The alternative of manned or unmanned units has been con-
sidered. Because of the continuous motion of the structure 
in the· sea, the comparatively low freeboard of the structure, 
the need to minimise openings in the structure, the possible 
difficulty in changing crews for long periods in winter 
.time, the large number of men required, and the costs in 
providing acceptable long term living accommodation on 
board each unit, it has been decided the reference design 
units should be unmanned. These would be remotely con-
trolled from the shore station. 
On the concrete structures, three accesses for personnel 
have been provided. The principal access is by way of a 
'conning tower' at one end of the structure. This contains 
a 'lock' type of entrance which, by using watertight doors 
at each end of a chamber, prevents water ingress to the 
structure. Es cape hatches backed by 'lock' chambers are 
located at the middle and at the end of the structure 
remote from the 'conning tower '. On the steel structure, 
two 'conning towers' are provided for access, one at each 
end. 
When units are 'on-load' their ope ration is controlled by 
the system demand . Over-riding cont rol and monitoring 
from the shore station is provided by a subsea control 
cable, back e d up by a secondary radio-link. This would 

























The concrete structure has been designed for an expected 
fifty year life. It is not anticipated that it will suffer 
significant damage except perhaps due to collision with a 
ship or another owe structure breaking moorings. 
Should repair or maintenance prove necessary the water 
column area could be completely de-watered by refitting the 
construction bulkheads. For access to the exterior of the 
rest of the structure, it would require to be released from 
its moorings and towed to a sheltered inshore anchorage for 
repair to be effected. 
The steel structure would be drydocked at approximately ten 
year intervals. For this deballasting and tilting into 
its original launching configuration is n ecessary. 
It is expected that the main burden of maintenance and 
repair will be in the mechanical and e l ectrical fields. As 
the device consists of a large number of identical units, the 
provision of spares and replacements at s ome central point 
is the most economical arrangement . A central supply base 
equipped with berthing facilities for maintenance ~hips and 
the infrastructure to service them would be set up (Drg. No. 
10) • 
To cover the spread of units, a large 1 mother ship 1 would be 
required. This would house maintenance and repair crews, 
main workshops, stores and all repair facilities. 
This ship would be attended by two or more repair tenders 

















It is not intended that any workshop or living accommodation 
be permanently on board the units. The first items to be 
landed at the start of a visit wruld be a 'survival' package 
containing liferaft, radio, first-aid kit, food, bedding, 
fuel and emergency generator. This would be followed by a 
'maintenance• pack of basic workshop gear, lubricants and 
spares. 
Apart from routine maintenance or replenishment of lubricants, 
it is not intended that any repair work other than of a 
minor nature will be carried out on board the structure. 
Planned maintenance or repair will be by replacement of 
components and to this end, suitable access hatches and 
lifting b eams have been provide d. Exchange of heavy com-
ponents would be by crane from the 'tender• moored alongside 
the unit. 
Maintenance crews will not live on board units under repair. 
They will be replaced at the end of each shift by another ,· c 
crew from the mother ship. The only use of the •survival' 
pack will be in the event of heavy weather preventing the 
crew being taken off. 
Maintenance and Inspection of Moorings 
The maintenance and inspection procedures are preliminary 
since the re are likely to b e stipulations laid down by the 
insurance unde rwrite rs and the certifying authorities. 
Based on current practice, the following is enviiaged: 
Annually: 
Each complete mooring c able will be inspected 

























Maintenance and Inspection of Moorings contd. 
It is likely that the cables will require to be 
scrubbed at least in part, t o remove marine 
fouling prior to visual inspe·ction. This c ould 
also be carried out remotely from the surface . 
Detailed inspection of certain·areas will be 
carried out by divers as direct ed by the certifying 
authority . Components requiring replacement will 
be removed by first relieving the tension using 
the moo ring barge and diver support, then by 
recovering the complete cable system by releasing 
at the deadweight. The renewal will be a repeat 
of the initial installation. 
Every Five Years: 
The fluke anchor and chain will require to be 
recovered for inspection at the surface. This 
will be carried out by first relieving the tension 
as before, disconnecting the chain from the chain 
stopper at the deadweight, then recovering the 
fluke anchor and chain by vertical pullout. The 
deadweight will not be disturbed . The fluke 
anchor will be relaid by dropping and digging in 
as before. The chain will be laid across the 
deadweight. Divers aided by mechanical equip-
ment will reposition chain and 'lock in' the 
stopper . 
It is expe cted that an individual mooring system will have 
a life in excess of 10 years, although replacement of minor 
compone nts may b e nece ssary within this period. Experience 
with the system will ge n erate design improveme nts, and it is 
























Maintenance and Inspection of Moorings contd. 
will be necessary in any 10 year period. 
Mooring Monitoring 
A force monitoring system will be used for determining the 
condition of the mooring and the loading experienced during 
its life. 
The monitoring system will be incorporated in the unit 
attachment points, using strain gauges and a central readout 
and recording system mounted on board each module. This 
system will be fitted with alarms for overload or failure 
of an individual mooring line and will record the number 
of load cycles which have been experienced. This infor-
mation,backed by comprehensive knowledge of fatigue behaviour 
of the components , will provide a further safeguard against 
cyclic failure. 
Electrical and Control Cables 
The main electrical power cables and control cables will 
also require replacement from time to time due to flexing 
and abrasion. These will be lowered away from the structure 





























































Oscillating Water Column; 
Interim Reference Design 2 
Elevations 
Oscillating Water Column; 
Interim Reference Design 2 
Sections 
Oscillating Water Column; 
Interim Reference Design 2 
Sequence of Construction 
Construction Programme 
Outline General Arrangement 
of Wave Energy Unit 
Steel Structure Arrangement 
W.E. Unit Building Scheme 
at Scott Lithgow's Glen 
Yard Berth 
W.E. Unit Moored at Scott 
Lithgow's Outfitting Quay 
Towage Down River Channel 
After Launch & Towage to 
Offshore Waters 
Wave Energy Support Service 
Series Building Programme 
Rectifying Valves 
Power Take Off System 
Reference Mooring Design 
Location Plan 
Reference Mooring Design 


























Monochromatic Efficiency of the Steel 
and Concrete Reference Designs at 1/lOOth 
Scale 
Sea Efficiencies of Steel Reference 
Design scaled to 12m Column for 
P-M Spectrum 
Sea Efficiency of Steel Reference Design 
as a Function of Wave Angle and Model 
Width 
Turbine Efficiencies for Steady Flow 
and Normal Distributions 
8 Strand Plaited Nylon 
Curve Characteristic 
Typical 
Table Dime nsions (True) and Deadweight 
Force Comp onents 
Table 1 Mooring Line Tensions and 
Dimensions Prete nsion Condition 
Table 2 Mooring Line Tensions and 
Dimensions Maximum Condition 
Table 3 Mooring Line Tensions and 
























Measurements of primary efficiency, i.e., conversion of 
wave into air power, have been made in monochromatic waves 
and mixed seas. Tests have been conducted at 1/150, 1/100, 
and 1/SOth of full scale, with the results showing a good 
consistency throughout. Efficiencies of the steel reference 
design and concrete reference design for small monochromatic 
waves are shown in Fig. 1. The sea efficiencies of Figs 2 
and 3 are for the steel design only. However, it is 
reasonable to apply the monochromatic behaviour of the con-
crete design to the patterns obtained . The reduced peak 
efficiency is to some extent compensated by a superior per-
formance at lower frequencies. 
The sea efficiencies in Fig. 2 have been obtained directly 
by measurement, and also by applying the monochromatic 
performance for smal l waves to the Pierson-Moskovitz 
spectrum, assuming efficiency to be independent of wave 
steepness. The direct measurements were made covering the 
OWS 'India' scatter diagram, using a 21 component Pierson-
Moskovitz spectrum of long-crested waves. The model was 
a l/150th scale version of a prototype having a character-
istic column length of 12m and a total width of 120m. 
The point s plotted are for the 'India' envelope ·. 
Fig . 3 gives some indication of the change in device 
efficiency with incident wave angle and device width. 
Generally it would appear tha~ the wider the device , the 
better the performa nce. The reference design is the same 
width as the 10 section model used in these t ests. Long-
crested waves were used and the particular spectrum with 
which the tests were conducted was hot the Pierson-Moskovitz 












Primary Efficiency contd. APPENDIX 'B' 
previous monochromatic work. The sea efficiency has been 
calculated for the incoming power contained in a wave front 
of length equal to the mode l width, independent of wave 
incidence. 
The data on the effect of wave direction applies to a single 
device in a wide tank and cannot be applied directly to a 
long line of device s as propos ed in the refere nce design. 
It is not kno¼nby how much directional effects reduce the 
amount of energy extracted by such an array. This is a 
major area of uncertainty but some allowance must be made. 
In the calculations of Appe ndix 'D' a factor of 0.5 has 
been applie d, which is bas e d on estimates made by Rendel 













NEL OSCILLATING WATER COLUMN 
STRUCTURAL DESIGN SPECIFICATION 
1. 
2. 





















3. Design of Concrete Sections : 
3.1 Design Approach 
3.2 Limit States 
3.3 Ultimate Limit State 
3.4 Serviceability Limit 
3.5 Design and Detailing 
3.6 Materials 
4. Design of Steel Subsections: 
4.1 Materials 
4.2 Pe rmissible Stresses 
4.3 Fatigue Limit State 
40 























APPENDIX 'C ' 
Structural Design Specification contd. 
5. Environmental Data: 
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DESIGN CODES AND RECOMMENDATIONS: 
1.1 General. The wave energy device will be de-
signed in accordance with the following Codes and 
Recommendations: 
Department of Energy - -Offshore Installations, 
Guidance on Design and Construction, 2nd Edition; 
Lloyds Register of Shipping Rules and 
Regulations for the Classification of Wave 
Energy Devices (not yet published)~ 
Reference may also be made to: 
Lloyds Register of Shipping Rules and 
Regulations for the Classification of Ships; 
Lloyds Register of Shipping Rules for the 
Construction and Classification of Mobile 
Offshore Units, 1972. 
1.2 Concrete Structures . Concrete sections will 
normally be designed using the limit state approach as 
embodied in the following Codes and Recommendations: 
British Standards Institution CP 110: Part 1 
1972 The Structural Use of Concrete; 
F.I.P. Recommendations for the Design and 
Construction of Concrete Sea Structures, 
3rd Edition. 
Lloyds Register of Shipping Rules and 
Regulations for the Classification o~ Offshore 
Installations. Fixed Concrete Installations, 























APPENDIX 1 C 1 
Design Codes and Recommendations contd. 
1.3 Steel Sub Structures. Where steel sections are 
used in conjunction with a mainly concrete structure, 
their design will be carried out using the permissible 
stress approach as embodied in the following Code: 
British Standards Institution BS 449: 
Part 2: 1969 The Use of Structural 
Steel in Building. 
Note: The above permissible stress design approach 
may eventually be replaced with a limit state approach 
when r e visions to BS 449, presently under draft, are 
published. 
2. LOADS: 




Dead Loads (Gk) 
(a) Weight in air of structure and 
superstructure; 
(b) Equipment not normally moveable ; 
(c) Ballast, wet o r dry; 
(d) Stored liquids; 
(e} Hydrostatic external pressure and 
buoyancy in calm sea conditions cal-
culate d for still water design draft. 
Imposed Loa d s (Qk) 
(a) Mooring and towing forces; 




























APPENDIX 1 C' 
( c) Personne 1; 
(d) Maintenance crane loading; 
(e) Ships or other vessels during 
mooring or while moored; 
(£) Helicopters landing, . taking off, or 
while parked on the structure. 
Environmental Loads (Vk) 
(a) Waves, including effects of slam, 
slap and breaking. Hydrodynamic 
effects should also be included; 




Deformation Loads (Dk) 
(a) Prestress; 
(b) Shrinkage and expansion; 
(c) Creep; 
(d} Temperature variation. 
Loadi ng Conditions 
Values of loads will be calculated under the 
following environmental conditions: 
(a) Normal environmental conditions , 



























APPENDIX I .C' 
(b) Extreme environmental conditions, 
having a statistical return period 
of 100 years. 
Loading Cases 
Values of loads will also be calculated for 
the following service conditions: 
(a) Construction and installation; 
(b) Normal operation; 
(c) Turbine shut down condition 
(controlled conditions); 
(d) Air column control valve failure 
condition; 
(e) Damage stability. 
Loading Combinations 
The foll owing loading combinations will be 
checked : 
(1) Normal environmental conditions for 
the construction and installation load 
case. Maximum imposed loads will be 
taken where appropriate; 
(2) Normal environmental conditions for 
the normal operation load case with 
maximum imposed loads; 
(3) Extreme environmental conditions for 
the turbine shut down condition. 
Imposed loads will be assessed and 





























Extreme environmental conditions for 
the air column control valve failure 
conditi on. Imposed loads will be 
asses se d and relevant maximum values 
included; 
Extreme environm~ntal conditions for 
the damage stability load case. 
Imposed loads will be assessed and 
relevant maximum values included. 
DESIGN OF CONCRETE SECTIONS: 
3.1 The normal approach will be to design to satisfy 
the ultimate limit state and then to check that 
the serviceability limit states are not reached. 
In a number of cases a serviceability limit 
state may b e more critical. 
3.2 Limit States 























APPENDIX 1 C 1 
Design of Concrete Sections contd. 
3.3 Ultimate Limit State 
3.4 
3.3.1 Partial Load Factors O' f) 
Loading Combination Load Condition -------------------------
1 2 3 4 5 
!Dead & hydrostatic Gk 1.2* 1.2 1.1 1.05 1.05 
timposed Qk 1.6 1.6 1.3 1.05 1.05 
[Environmental Vk 1.4 1.4 1.3 1.05 1.05 
!Deformation Dk 1.1 1.1 1.1 1.05 1.05 
*During construction or installation if the 
structure is subjected to short term loads of a 
hydrostatic or similarly well defined nature r f 
may be taken as 1.05. 
3.3.2 Partial Material Factors ('3/m) 
Strength Excessive load 





Serviceability Limit States 
3.4.1 Partial Load Factors ('1/ f) 
For all load conditions and combinations 



















Design of Concrete Sections contd. 
3. 4 3. 4. 2 Partial Material Factors ( / m) 








3.4.3 Deflection. Adjacent to installed plant 
deflection may have to be limited to ensure 
satisfactory operation of equipment and valves. 
3.4.4 Cracking. The following limitations on 
crack widths and stresses will apply: 
(a) Classification 
Reinforce d Concrete : 
Cracking Crack width Stress limit in 
Classification (mm) reinforcement 
A 0.1 
B 0.3 
C 0.67 fy 
-------------------------------------------------
Prestre ssed Concre t e : 
Cracking 
Criteria Classification 
1 No tension 
2 No visible cracks 














APPENDIX 1 .C 1 
Design of Concre te Sections contd. 
3.4.4 
(b) Cracking Classification and Section 
Location 
Zone Environmental Reinforced Prestressed 
Condition Concrete Concrete 
Submerged Normal B 2 
Extreme C 3 
Splash Normal A 1 
Extreme B 2 
Atmospl:ieric Normal B 2 
Extreme C 3 
For short term well defined loading during 
construction and installation 
Reinforce d Prestressed 
Concrete Concrete 
All zones C 3 
(c) In the submerged zones cracking across the 
full section will be completely eliminated by 
providing a compression zone not less than 30 % 
of the effective depth of the section, nor less 
than 200mm . . 
(d) Crack widths will be estimated using the 
method given in CP 110 Appendix A3 . With a 
cyclic loading the stiffening effects of the 
concrete in the tension zone will not be taken 

























Design of Concrete Sections contd . 
3.5 
load exceeds 75% of the steady portion . 
3.4.5 Fatigue 
Due to the predominantly cyclic nature of the 
loading, in particular adjacent to the air 
column, fatigue analysis will be carried out. 
The design life for concrete sections will be 
taken as 50 years. 
For preliminary design in areas adjacent to 
the air column, the following fatigue stress 
limits will apply at serviceability limit states : 
Concrete normal environmental 
Maximum compressive stress in direct compression 
or bending limited to a maximum value of 0.33 fcu . 
Reinforcement normal environmental 
The stress range in straight deformed high ten-
sile reinforcement will be limite d to 100 N/mm2 
when impos ed on a minimum stress level up to 
0.4 fy. 
Design and Detailing 
3.5.1 Ultimate Limit State 
(a) Shear and torsion resistance. 
The provisions o f Appendix l of Lloyds Register 
of Shipping Rules and Regulations for the 
Classification of Offshore Installations, 
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Characteristic strength 40 
Age factors - 6 months 1.18 
12 months 1.25 
Modulus of elasticity 31 
3.6.2 Reinforcemen t Steel 
High yield deformed bars to BS 449 
Characteristic strength 410 N/mm
2 
Modulus of e lasticity 
3.6.3 Prestres sing Steel 
Type to be selected 
Modulus of elasticity 











In general, structural steels which comply with 
BS 4360 will be u sed. 
For structural membe rs the following Charpy 
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Charpy Minimum Charpy Minimum 
Impact Grade of Impact Grade of 
Value Steel Value Steel 
Plate 27J@ · 43D 27J@ 43C 
-10°c o0 c 
Sections 27J@ 43D 27J @ 43C 
-10°c o0 c 
Hollow 27J@ 43D 27J@ 43C 
Sections -10°c o0 c 
Permissible Stresses 
The following ove rall limitations to permissible 
stresses will apply: 
Normal environmental 
~xtreme environmental 
fatigue Limit Sta te 
Maximum Permissible Stres s 
0.6 fy 
0.8 fy 
In view of the predominantly cyclic nature of 
the loadings , a full fatigue analysis will be 
carried out using the cumulative damage method, 












APPENDIX 1 C 1 
Design of Steel Subsections contd. 
where ni number of cycles occurring in stress 
range i 
















s = number of stress ranges considered 
(which must be not less than 10) 
and 'z = damage limit ratio 
values of 'l shall be taken as follows: 
Accessibility 
!No access Access 
Importance of location location location 
structural all in and below above 
imember zones splash zone splash 
zone 
!Maj or 0.1 0.3 1.0 
!Minor 0.3 1 . 0 1.0 
To take account of fatigue in prelimina ry design 
calculations the p e rmissible stresses· given in 
BS 449 will be furthe r reduce d by use of an 
additional safety factor as follows: 
i.e. Design permissible 
stress 
Values of ~ m 
53 
= Pe r missible stress 

























APPENDIX 'C 1 
Design of Steel Subsections contd. 
5. 
Accessibility 
No access Accessible 
Importance Nature Location Location Locatio1 
of structural of all in and above 
member Loading zones below splash 
splash zone 
zone 
!Maj or cyclic 7.0 3.0 1.5 
non-cyclic 3.0 1.5 1.0 
!Minor cyclic 4.5 2.0 1.2 
non-cyclic 1.2 1.0 1.0 
ENVIRO NMENTAL DATA: 
5.1 General Information 
5.2 
Location 
Water d epth 
Mean Spring tide range 
Storm s urge 
Winds 
Atlantic Oce an 
(West of Hebrides) 
80m 
2 - 3m 
lm 
Wind speeds at 10m above sea l evel for an 
average recurrence p e riod of 50 years: 
(a) maximum 3 sec gust (m/s) 





































once per month 
· 20. Orn 
il sec 
Currents (Mean Spring tides) 
(a) at surface (m/s ) 
(b) at seabed (m/s) 
0.9 
0 . 5 
5.5 Temperatures 









(a) air t emperature range (0 c) 5.0 to 
(b) sea t emperature range (0 c) 7.5 to 
13.0 
11 . 5 
5.6 Marine Growth 























ONBOARD EQUIPMENT CALCULATIONS: 
Results of Water Ingress Tests on 
a Model Duct in 
APPENDIX 'D' 
The tests were carried out at 1/150 scale in the Edinburgh 
wave tank using long-crested, mixed frequen cy waves with 
P-M spectra. There was a great deal of scatter in the 
results from run to run. The worst were obtained from the 
biggest sea-state and are given below (s caled up). 
Energy period T = 14 s e 
Root mean 
square surface 
elevation y rrns = 4m 
Duration = 42 minutes 
Total quantity of water which 
entered the ducts 
(m3) 
From column From outside 
Run 1 47 145 
Run 2 18 3 
Run 3 13 18 
3 
(The power required to raise 145m of water through a head 
of 1 2m in 42 minutes is approximately 7kW .) 























APPENDIX 1 D 1 
RECTIFIER: 
The rectifying system has two functions in that flow is 
not only turned on or off, but al~o guided . There are 
four banks o f vanes per chamber, operating in pairs so 
that a unidire ctional flow through ·the turbine is produced. 
To keep flow losses to an acce ptable level, the area of the 
valve housing is large (~16m
2 ) and a practical section 
minimising free board is 3.2 x Sm. The vane shape and 
number have been chosen u sing the information collated by 
Ide l 1 chik . A reasonable compromise between losses in-
curred through l eakage , actuation and flow resistance is 
obtained with six vanes . A large number of vanes is pre-
ferred for reduced ·ine rtia and hence lower actuating powers . 
The vanes are s upported on a steel grid, the central members 
of which are solid spars of elliptic s e ction. The major 
diameter is 0 .35m and the aspect ratio is 5. Hollow spars 
would be lighter but bigger. The frame and vanes are 
designed to take a maximum di ffe rential pressure of 10
5N/m2 . 
The high aspect ratio ensures that area blockage is small 
(~5.5 per c ent). Four spars are sufficient to keep the 
vane length to an acceptabl e value in terms of low stress 
and low intertia. 
The · guide vanes , of which there are 30 per valve bank, are 
construct ed from GRP because of its favourable strength to 
weight ratio. 
The vanes will be flange-coupled to bearings located in each 
spar. The maximum stati c load pe r bearing i s about 55kN, 
the dynamic loads be ing small . Thrust bearings will b e 
























APPENDIX 1 D 1 
Rectifier contd. 
load carrying capacity. 
The total inertia which must be actuated is estimated to be 
2 
80kg/m pe r valve bank. 
The valves operate over a fixed rotation of 55° at regular 
intervals, typically 10 seconds. The required operating 
period is about 0.5 sees, and occurs at each zero cros s ing 
of pressure. The actuation system is taken to be non-
conservative in that all input energy is dissipated. A 
residual torque is applied during rest periods to assist 
valve sealing. An estimate of actuator ratinq and power 
l o sses has been made assuming a sinusoidal velocity dis-
tribution. 
The following estimates have been made in r elat ion to 









l . 5kJ 
The last figure refers to electrical input to the hydraulic 
actuator package and assume s a mean system efficiency of 
25 per cent. It is equivalent to a mean power requi rement 

























The chosen turbine is an inward flowing radial machine of 
the Francis type. It has been chosen for its near linear 
head-flow characteristic passing nearly through zero head 
and flow. The peak efficiency is 94 ·per cent, and the 
flow rate band is e~tended by the use of variable inlet 
guide vanes. The characteristic can be made very linear by 
suitable guide vane manipulation, thereby matching the 
preferred column damping. The turbine is characterised 




(J Q 1/i _o_ o 
3 











= design flow (m3/s) and D = runner diameter (m). 
Given linear damping of the column, H = KQ, the following 
relationships may be easily derived 
Wo = NS (gK)% Qo ¼ 
D = DS (gK) -¼ Qo ¼· 
Both speed and size are dete rmined once a design flow is 
chosen. The optimum value of K derived from model data is 
2 2.76 s/m. 
DESIGN FLOW: 

















APPENDIX 1 D 1 
Design Flow contd . 
are calculated is obtained by optimising the efficiency of 
the turbine with the annual distribution of power obtaine d 
after primary conversion for a particular sea. The mean 
turbine ef£iciency in a particular sea state may be obtained 
from the steady state characteristic using the relationship 
CC, 
I1 (Q} ~ {Q} Q2 dQ. ('t = 2 
Q rms 
0 
where ~(Q) is the distribution of flow rate in that sea 
stat·e. A normal distribution has been assumed (refer WESC 
( GT 16 • 7 6 ).} • 
The steady state and mean eff iciency curves for a normal 
distribution are shown in Fig . 4. 
It is necessary to apply the mean efficiency data to the 
distribution of Q values throughout the y ear. This has rms 
been done using the South Uist data, ignoring directional 
effects, taking K = 2.76 s/m2 and applying the calculated 
sea efficiency given in Fig . 2. By examining the · result ing 
distribution in relation to the mean efficiency data, it 
was estimated that the optimum design flow for the turbine 
would be 105 m3/s and that its mean annual efficiency would 
be 0.71. Making an allowance for directional effects 
(remembering that power is proportional to o2) has led to 
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APPENDIX 
Design Flow contd. 
Design Flow 3 Qo = 75m /s 
Design Power p = 173kW 
0 
Design Speeds n = 377rev/min 
0 
Runner Diamete-r D = 2.66m 









and W = . max 
gives M = 
moment is given by 
= inertia x rotational 
X rate of precession 
mk
2 w Q.[ dt 
angle of roll. 




X 80 X 0.lNm 
= 29kN -.-'.m 
speed 
'D' 
The rotor weight is about 27kN so that the gyroscopic 
loads on a pair of bearings about one metre apart are com-
parable with the gravitational load. Gyroscopic loads 























The total loss of the secondary system is the sum of the 
losses of the individual components for a given sea state 
and velocity probability curve. 
instantaneous loss is given by 
For ·any component the 
where C is the loss coefficient 
A is a characteristic area; and 
V the velocity. 
The loss associated with a velocity distribution, p (v) is 
a:. 
JC ~2Av3 p (v) dv. 
0 
Taking a normal distribution and non-dimensionalising the 
integral with r espect to the average power in the air 
PA = ~g 
Q H 
rms rms 
a .f 1 ow effici ency may be obtained . Thus, 
0.284 n 
v2 
~ = 1 - ~ C Qrms n rms 0 
where n is the number of components. 
The efficiency may be quoted· in a more usable form: 
= 1 -
n 





















APPENDIX 1 D 1 
Flow Losses contd. 
From this it can be seen that for reduc ed losses the charac-
teristic area should be large. Significantly, the efficiency 
decreases linearly with mean f low ·rate while the average 
power increases as the square~ 
For the system shown in Drg. No. 13, the loss coefficients 
obtained from Ide l I chik I s 'Handbook of Hydrodynamic Resistance 1 
and the characteristic areas of the components are given in 
the table. Substitution in the above express ion gives: 
l'f) = 1 - 5.1 X 10-4 Q 
<+ rms · 
For the design flow rate of 75m
3/s this becomes approximately 
0.96. 
Component C A 
~-----------------------------------------------------------
2 m 
!Duct inlet 1 0.56 16.0 
1st Valve 2 0.50 16.0 
['urbine inlet 3 0.04 5.26 
!Diffuser outlet 4 1.00 12.0 
12nd Valve 5 0.50 16.0 
!Duct discharge 6 1.00 16.0 
The coefficients may be· obtained without recourse to pre-
cision engineering, though it may prove necessary to use 
























Leakage will occur around the sides of the valves and the 
leakage flow rate can be estimated from 
QL = cd AL [2ii' . 
where cd = discharge coefficient ~ 0.6 
and AL = nominal leakage area. 
Each bank of valves will have a total length along the 
support spars where leakage takes place of 32m. It is 
assumed that elsewhere leakage is negligible. Except 
during actuation, two banks of valves will be closed giving 
a total length of 64m. 
Taking H = 
Thus 
KQ a volumetric efficiency may be obtained. 
Assuming a normal distributi on, a gap of 2mm and Cd = 0.6, 
the mean volumetric efficie ncy at a sea state i s given by 
0.45 
( vol 






















APPENDIX 1 D1 
SYSTEM LOAD FACTOR: 
The turbine efficiency, flow efficiency and volumetric 
efficiency at a sea state has been expressed as a function 
of Q assuming Q to be normally distributed. Applying rms 
these relationsh~ps to the expected annual distribution of 
Q would give the mean annual output at the turbine shaft 
rms 
but, because our knowledge of directional effects is incom-
plete, this distribution is not known. The above relation-
ships have therefore been applied to the South Uist data 
ignoring directional effects and for a turbine with a design 
flow rate of 105m3/s. The result was then divided by two 
to allow for directional effects, multiplied by 0.95 to allow 
for alternator and mechanical losses and 20kW per unit were 
then subtracted to cover supp ly to the valve actuators and 
ancillary e quipment. This c a lculation gave an estimated 
mean annual efficiency output from each unit of 0.45MW. 
Allowing 0.8 efficiency for transmission and a nominal factor 
of 0.9 for downtime gives a system load factor of 8 per cent. 
The rating of the stat ion has not been optimised. It was 
set at a level which does not noticeably reduce the annual 
output. This is not unreasonable in view of the relative 

























1. Rodes and Anchors 
In order to maintain the maximum load on the attach-
ment points below 3.75MN, 24 mooring lines are used as 
shown in Drg. No. 14. 
For the purpose of this reference design, it was consid-
ered appropriate to make some simplifying assumptions 
in order to facilitate calculation, viz: 
(a) the mooring is symmetrical; 
(b) lines 1-8 and 13-20 are designed using the 
assumptions of extreme fore and aft moti on 
shown in Drg. No. 15. At. position 2, lines 
1-8 are at maximum extension and exert a 
horizontal force of 24MN and at position 3, 
lines 16 and 17 are at zero extension ; 
(c) lines 9-12 and 21-24 are des igned using.cor-
r esponding assumptions applied to sideways 
motion. In thi s c ase , a force of 8MN is 
used; 
(d) the deadwe ight can resist the largest uplift 
force; 
(e) the drag-in anchor can resist the largest 

























Mooring Design contd. 
2 • 
From the manufacturer's data for type of nylon rope 
selected, at 40 per cent break load the extension 
is 55 per cent (Fig. 5). Applying this figure 
to the above assumptions allows the mooring to be 
designed. 
The data given in Tables 1, 2 and 3 (Figs. 6, 7, 8 






Wind a n d Curre nt Force 
Length 124m 
Diameter 250mm 
Breaking load 8 ,5MN 
L·engths 30m and 10m 
Diame ter 115mm 
Breaking 1 oad 8 .SMN 
Concrete blocks 10m x 10m x lm 
9,000kg Bruce anchor, which the 
mak e r claims has a holding powe r 
of approxima t e ly 4MN in sand. 
The ma ximum mooring forc e due to wind and current 
can be estimate d using 
F = !< C 2 C 0 DLU 
2 













































current drag coefficient 
density of water 
draft 
length 
maximum current speed 
wind drag coefficient 
density of air 
free board 
U = maximum wind speed at sea 
w 
surface 





















The reference design mooring was mode lled at 1/150 scale and 
given some preliminary tests in the Edinburgh wave tank during 
the last week in June 1978. It was tested in a variety of 
pseudo random (P-M) , long-crested seas with the wave 
direction head-on to the columns. Winds and current cannot 
be simulated in the tank. In the most severe condi tions 
(root mean square surface e l evation, y = 4m and energy rms 
period Te= 14 s) the maximum line extension is 47%. 
These figures sugge st that the loads and excursions used as 
the basis of design are of the right orde r, but on the low 









.... + + 
+ _. - STEEL 
+-+~ 
,,,,,..,,,..a-.........._ + + 
/o .....__o--~ 
/~ COM CRETE ~~ ... 
0- r ~"' a/ 7 o~~ 
+ 
0 '------..L.---...L-----I.----.I...----L-----L-- _._ ___ L-----' 
·7 ·8 1·0 1·1 1 · 2 1 • 4 1 ·5 1·6 
FREQUENCY 
FIG. 1 MONO CHROMATI C EFFICIENCY OF THE STEEL & CONCRETE REFERENCE DESIGNS 
AT - 1- .th SCALE · 100 
.... 
2 



























_,........MEASURED IN A WIDE TANI< USING 150 SCALE 





10 11 12 13 15 
ENERGY PERIOD, Te (s) 
SEA EFFICIENCIES OF STEEL REFERENCE DESIGN 


























I lL 0 
z 
I 0 ~ · 0 t-0, u 
z 
I :::> lL 
<( 
I I.I) <( 
l/l z 
z (!) :r: 
I 1.t.. 0 I-0 - I.I) I- N ..,z r--. 0 - 0 0 l.) ...... 0 w 
z w - 0 3: 
I 
V) 
o <l D + -tc0 · oW ID ..J w _J 
(!) u w z z 0 
<t w 0 
I w ex: 2 > w <t LL 
~ w 00 
I I-
a: 
z ....J w w w _J 0 w <.9 
u t- z 
I z I.I) <( lL 
0 0 w M > 
I > 
<( 
u 3: z 
w 
I u lL lL 
w 
I <( w 
I.I) 
I +01- <l- 0 0 M 0 0 0 L(') (!) .... 








C - STEADY FLOW == ~ a: 0 ..... 
50 ~ -._; 
>- = (.) l'.""l z 
w "'"4 - ;i. 
(.) - C""' LJ.. 
LJ.. 







1, 0 2·0 3·0 C, 
~cio) STEADY, ( Q rms) 
~ 
2 
Qo NORMAL C"') 
~ 




























I I w 
I .l I 
0 
<( 
zl I 0 z 0 
I 
_J 
~ --I~ I I 
V) z ,..., 
:;1 z 0 I w .....J I- >-
:1:I -1 X z I 
w 
~I ~ 0 ';!. 0 ~, Ml M w t--
I :iii <:> I <( M _J I a.. 
I 
~I ~I 0 ~, 31 0 z 





I ~I co 
I J 






I I 0 

































._., ______ __,~(M) 
1Ae, LE. DIM E..NS\O t-JS (TR UE.) 
SE.A e,E:D. 
1 .. 
V : Tsu, .. e 
-
FIG. 6 
A N Cl-{O R 
/ 
I COMMERCIAL-IN-CONFIDENCE 
u 0 t I z Px. L: TFN S" i .? 1\1 POSITION ~z ou 
I ell: \lJ I- . g 2 :l 3 L X D 0 % £)(T. T V H oo (M) (M) (M) ·ck N) Ts1NO Tc:::o~S l: .J 0- DEG, I .l. /.,/ ) ( l, 1-1) -
I I L :l.O I·<.. i ff I•> - t2. I 7 · 'f ).C(• 7 7H .1.. l 6- 7t0 
..(_ u. /f(q ,7 /'lZ· )- &b /y . 3 l. "l·S 71.tO · ).. 4 ~ c: ri 
I 
3 l I q7 .r I 'l 'l u_ i b ·2. .2t ·r i, {, 7 J..~7 t 12. 
I ~ u I ?2"·3 /71 &b /ff,/, .2 7 ·] r; zc :22. 7 (,,'17 
I 5"" 
L i 'f'! ·lf I '?1 (, l /'6·2. ). 7 .g 7// 2.1..0 v 1/. 
l u 19? ·] I '3 7 u Ii ·/., .27•3 t 76 22. 7 (, /4 7 
I r L if/f·2 l'fO t, 2... I '3 2<t't, 7hf 2. 3() 7 (J 't 
I i u 201. .:; If I •':>- 1.6 ftj ]ti 1 'lid 1.. 7~ CZt)i 
I 
er L :J..O.l. , !J- I i.2·S {, 2. 17- 8 ] ~ -:,- ~lb 2. '>-6 7Cf'l I 
,. 
I o u 191 /p I Z6· 3 I, b I? ·:>- .1t ·'6 (., (, ']_ .:Z1. 0 t,2 3 .r 
I I I L I 17 ·/,; i Z 7- T t-2. /8'} J..t·'ir {, t, 2. .2. () t, l J. 7 
I I 2.. V 2..02. · I I'll t6 L'f )iJ · Lt zn ;)."TO 7& 7 
I 3 L / '/I':> - t 2, I T·f 7 '19 1.1.,; 71,0 
I 
.2..CJ I ·.2.. 2// 1 7 
11< u tfti·7 / 'l? ·'l tt { f·J 2.75· ':) 7L tJ J...~/., &f/2 
!' I I~- L r q 7,1 rn (,)__ i z ,1... 2.t ·? ~t, 7 1.0 1 {, 3 2-
I 
I I It u t'1 3"J / 7, 7 t t, I f ·4 2. '! ·3 t t l 2.2.7 61,7 I 
I• 
I 7 L i'?'t-·1 i i r t z. ( 't ·2, ..2 r- ~ r I I 220 t, 14 
l tt u I 7 b'·J /6 7 (, (, I 7 4 27·3 [, Z6 U'f (,1, 7 
11 11 L 173} t'iO (, 2.. 18 2~·C, 7Li!:i- 2}!) 7C· 'g· 
' I 
2-6 u 202·!>- I f/f•!,- t, {, 1r jt) 7 '1,l/l 2 7)- ZO / 
I 
1... 1 L :2. b 2. ·2. 192s· (, 2.. r 7· 3 JO ·S 2'36 .2., :;-1,, '7 ?"t 
I I 22. u Jql"(,, l 2t '] t, t, ; q,b-- J..t -i tt2.. 2.2.0 (, 1. ] 
I 
I I .2..3 L I ff 'f·(,, i 'Z7·7 t.2. /'t-3 J..t · 8' ttz 1._()(,; P. 7 I 






























./v/A>c. LoA {) POSITION 
i- 3 {I l"1 
£ >< C: u 1?. S / o ,V . 
'- ;l..3i -;; :z. ; 7. 7 n ·S- /C/·t !:)-4 3Jo S lift' 3t d<t 
33l"> 1114 Jv'(o 
17 L. 23i·:, 2... 11 -1 rt ·S 1?·3 b' t., 
10 V .VI·~- 1.ll ·3 't.2·S" :2..{),'l, ~~ 
}30 .f //16 3iO f 
3JO.f 1174 )O'i'O 























U O Z 
~ Z o U 
COMMERCIAL-IN-CONFIDENCE 
( I 
SL ,~c I<.. POSITION 
- 3'0 M . • • 
Fxc v ,~ s 1 o t..J . · 
a'. \lJ I-- . t---:---,----:--=--T--=---,.---:-=----.---y---=:---,r---,-:---,---:-,---I g 2 z '3 l.. X D 0 % T - V H 
"t"' ..J- Cl.oo' (M) ( .. A) (M) £ (' k N') r ~1N8 Tc:::o G9 , ,., orn. 0 )(T. _ • cu" l ck,,, i 
2. u /1;i. 4 Jt., t tr ·';;,- ,7 ?3 '::i-Jr ,'>-·1 ~, -e, 
3 
u 
7 L l'J -7 17-/ 




I 0 u 0 () 0 0 
Ii L D 0 t) 0 
12 u I 3C · J 
/ 3 l 
u I t-'!J"/., ll I /_/(· ':) I '7 J-J 
l it · J l2. 
16 U It- :i I 5' 7 ·S' L ff· f 17 · t, 0 0 0 0 
------ -+---·- - -..-.---- --------,--·-


























" .. , 
./ 
TA.b.NSVEQSE B1J,._l(..,EA0S IN W.AY 0~ 
WATER PISTOO AC.EA TC BE DOUBLE 
$1(1N TYPE SE. E A.f!t:uE. 
SECT ION CLEAR OF TRANSVERSE . 
TANK 
SECTION IN WAY OF TRANSVERSE 
© 
T~"~'-!>t MiL .... ~e~~ ~ u _!_: _ .. [ ;i ;\ N cc..~~-~u,- cN ->.:-'"' 
, u.: ,u.. ~· r....H~~_fPot £~ ~ .. v·t. :ci,.fTA,. !:i-~ "'-!SE{~ 
"'I \\,\) Of "~-E~ r·~:o..i ).(tL-:_1,H, ~l..~~,e, £ ~L-'l.."-l:~_ 
~ 1,~ 0 ·..1e r:t: !l,.t Sl. N ... ,:It ~ -" t:.-1Cl.. ~- f'-E ... ~(.) 
So c.t t o ft wot1 z.oi,.1-:)..~ ),. ""''-"~""~ 
f l(Sl S T1,.6 f cv.-.LU4 JIO N OF PO\ll&LE ; 1 (fL WE-l&HT 
81.S[P ON LLOYPS ltUL.fj J.ND lti:&UU.f~Nl ~ 
CLAS11Ftt.ATION oJ. ;H1,1 
AtJ 1Wt>IC.,q 10N OF- JTfH t;:ONJE-tJl JS H+oW~ 
"' Tttf TA ILE IELD~ 
~IVIP ALU>W'A!olCf IS A&oUT 8 0 
1>1AH~ IA L 
lltl(.(t,/1:SJ 'LOAT~lio ... ,a,c.E-o 
"fP!/4uo1, 
tANE>f ("'""J tTlUoY\IEti!T (t) fl'HLWfl~T{t.} 
PLAlt-1 ... ,LDSU-[ 1/ 10 - 2S 8020 8717 
~ '-l- - -
SlCT\ONS "•~PHH/A ,. • 25 ~,so 432, 
TOTALS I 12, OOO Ii,, 0.4 3 
0 COPY~l6HT "'-IRCH 1,78 scon LITHGOW LIMITED 
PORT GLA SGOW 
THIS DRMJING IS THE PROPEF(fY OF SCOlT LITHGOW AND 
"1US1 Bf lRf ATE D AS co,motNllAL 
REPR0DUC1ION OF THIS ORAWl~G OR ANY PA R'T THEREOF 
OR UTILISATION OR CO,.MUNlCATION OF THES E CONTENTS 15 
PROHIBITED WITHOUT lHE WRITIEN AUTHORITY Of SCOlT 
L 11 H60'N LI MITED 
SCOTT LITHGOW LIMITED. 
DRAWI NG NO. WE /SL/ 2 
PROJECTS. - WAVE ENERGY . 
STEEL STRUCTURE ARRANGEMENT. 
SCALE-I : 100 






























Conning :ower r --
FRONT ELEVAT IO N 
116 m 
Access ha ,ches Bypass valve Escape hatch r-- I ,r 
VT 
ID' 









• ' ' ID 
c:::.__::i 
~ 














EN D ELEVATION 
Power & comm nica 10n cables 
For moorings layout 
st'e NEL drg ncs 
Al -Y5/166-,5 & A1 -Y5/156 46 
CD 
NATIONAL ENGINEERING LABORATORY 
DSC ILL ATING WATER COLUMN 
INTERIM REFERENCE DESIGN 2 
ELEVATIONS 
DRG No RO XBURGH DI NARDO & PTRS 






















Louvre rect1f 1er valves 
[H 
I II 
.... _~ I / ' I 
i::==1. -
l l 
~ .. l -- r---~--= >- - ,__ 
r 
.. ···- . 
IT 
rt. f\ ' 
4 •. ,- ~ -
' 1I1 . ,I i: 1
1 I 
,, , 
-==:==== i"-r~ ·~ r:::-- 1, i -- - - --I - - -- 9 f 0 
- - - - -- 0 - - - --9 I I > nr I! I' I ff ~>--II I 0 6 0 8 :· ...-..a o~ .Dn1! l ~ D i .., ~-- I IJ.l,, 
ly 
~ QQ ·Q'Q1 / [J ld6] DODOO II 6 """'. j 'I r I• T } ~ l 'l -- ~ I~ :____; "" .d) l 
I cit PART SECTION A- A Oucr drainage pumps j PAR SEC TI O\ 8 - B~allast water handli ng PART SECil~N r I., - V -
i.l 
Plan main enance area 
Access hatches 
Con111 ng tower 














t7:oo rol equ ipment 
L 
I r;:)l erncrar & tlywneeJ 
/
/ / f"H 1r turb1~ 1H 
1• r Water 1ghr doors 
Air space above 









Po\1er hen l ing sys ems I 
cenh, ce ll nl;__J 
Power & communica ion 
c les riser ru:ie 
Transtormers & other 
ei crn cal e;,1pment 
.- 1H I 
PART PLA\ Y- y 11 I 
L!i. 
11 
I I 5 8 
I 
5 8 5 8 
_. ta 3 ro 3 
1.0 
Access ha eh o 








z - z 
18 0 1 0 L 
Power ea bi es & 
control systems 
1H 
lli. I I 















Wa ve deflection lip 
I solo! 10n valve 
Louvre rec 1 ,er valves / 
I 
Precast 













AJ l.J lJ 
10m 0 
~ ........ 10 m ; 










NAl!ONAL ENGINEERING LABORATORY 
DSC I LLAT I NG WATER COLUMN 



























,, .. . 
L 
1. Lo Ner caisson construe ed 1n drydock using 
sl1 forming or the main ver 1cal walls 
and 1ns1 u shuttering 'or slabs and mino r 
walls. 
Z. Outer wal ls complete d to 15 m hei ght. Dry dock 
f looded and struc t ure towed out to deep wa ter 





3 Steel bul head erected to close mou h of 
water column chamber. Sl1 pfa rming and 
1ns1tu concrete ork continued. 
4. Precast units added. struc t ure completed 
and equipment installed. Permanent solid 
and tempo rary trim ballast added pr ior 
to tow to final location. Final trim 
ballas t added after removal of the 
bulkhead 
CD 
NAT I ON AL ENG !NEERING LABORATORY 
0 SC I LL AT I NG WATER COL U MN 
INTERIM REFERENCE DESIGN 2 
CONSTRUCTION SEQUENCE 
D G o 
ROXBURGH DI NARDO & PTRS 
568/ 10 3 CO SLILTI G ENG NEJ::RS 
PASLEY SCOTLA D 
I Acr1v1TY YEA~ I YEAR Z. @ ..... .,:,,.' -i 




PR€PA~6 BASIN - -=--=--1--. 1-: 
C 0/1,/STJf llCT_ BASE ---
-· t- -
I 
-I-- __j. ...j. 
I 








, SrAR,eR WALLS 
I 
----+----=-.5-~ LP ~Ole M _ r-o /2jf.S-l!!f 
B -
T ·- ~- - ' 
I 
I 
1 -~ a°"'br~l£/C7j' /()"( 
I 
P1=~110D , - Jg Mr#.S 
.--..+-~-1---+--l-----l----+-~ £vi 1:NP: I I i-dVNJrjJ;wL i I - 1----+---+ ---+----t- -. + - ~ - +- _. 





_ I St..AB A-r !2M 
I 
INTERNAL H/ALLS ro 12N _L L~_l __ I ____ I ' ! : ~ : : : : _: : : : ~ : : , - - - - -- - - - - : . I 
.;__+---I~'--+-- + - -+~--~ I I I ! I I I I ! I I I I I j I I 
I 1 I I I I i : 1 i . I . I I I ' r-r, 1. . ! 1 1 1 , , , , 
·-r lf-
1 
L-.L._L_ .. I : I : I I I I I I I I I • 
_)_ i' 1 r -r 1 : ~ 1 • I 1 - , 
I I I I I I 
F L o Ar Ou T ----~---1----+- --+- ---+ _ -- +----i-- -
~ I SJ..1 P c-o~M _ro FtNt.$ff 
-- - - - ---+-------t- - + - ---t· --+----t - - . -
, I /NTP~NAI.. AALLS !2 -3f:'nt : I ___ [ -- .... _ ~l ; . i · ; : I i ~ J : ! . I '. I I I 
I T . I : ' . I 
I ; 
1
. '. ' + \ 
1 P~EcAsr UN1rs~ -j-- -- -- ----f -r +-4-- ; -t--~· 






I I f ., "* Pl-Acc. N;s.e ,..DEc"( ~ ; ! ' I ; i I · ·: 1 
I I . - /3,t-LL 4-ST CoN<R£T£ --- - . •. , : _J_ I : . J _! : i I J I J '. '. '. '. ' 







~ -:;-Tow : 
5
,r1:_ _J l~J I i I I · 1 i -1 t 111. ! 1 r 1 1 1 I I 
=------+----
~--t-----5_ r .4 ~ r ~ ND. UN1r '" 1 1 1_ --r--t-· 1_ - -t;-:-:1----+-· __ + ·- --1--- ·+-- - 1 ------1---+- + --l----1~---+--- 1-
------1-+----J---t--t---t----t-t--r-:- -!---i----i-+----+---+--+-+----f--t-+----+---+--t---t-r--t--t---r-:----r--r-' 
I ROXBURGH DINARDO & PARTNERS CONSULTING ENGINEERS 
-
MIRREN HOUSE 







Job No . 
.S-6B/ 
104 























I'--..!.... - - - - .,,,.-' 
C:.~FJ .. , 
/~-LJ---.., 









/' - ,- .1......,i--, 
I 
-L_ _ __ _/ 










I v~~vF OPEN N 








' ' ' ' ' I '~-4- ___ 1 
I 




: I V•LVE OPliNON, 
I 
I 
- -, - - - - - - - -
I 
I ' I - --- ,.. --;-~ --- ---------:- ---- - -- - -.t=-- --- --- -------- - - --
~=J- - - - - - : ------'r_J -- -----T------1_:---- ---T-- -- 1-r-- --- --







I I I I I 
I I ,---, I 
I r-:'c::1 1 I I I r-:.,:- : ! L:::J: "c~:!~I 1 L::JI 
r rj ~ - -~ ,J rj 
:JO OM ::;0.0"'1 
'c,' -
··1 rl·1 -,-, 
- - ---OUc;T SO'¥G5 CUC.T ,.,,..Cdi over :SPA,CE: ---
~- 1 I I "''"' t I l ... 1 I 1 .. \ J " r---·11 w 
T 
!:!TOR.~ A.CC..O ~. 
SD ... CI! C,C:06.C:.fi: 
T r T T I I 
'* WATE"R,TlGH T OOOR6, 
~es~ HATCMes/LAOOl!'J:l.~ TO A~ C01w1PAQTME .... T:!> 
INCLUOIN C. TAl,.Jl('.A.~e ~ e ~ 14651;1 ..... ~ R& Vlf<' ~ . 
,, 
---over over 8P...._C. 
----




T l T 
'o ' 
cue.,- ,p,o.,c& -





OVC.T 1:1, P .... C, li, 
l J I" 
~ 








N OTli D0U6L..E 6KIN ~OS 
f ~ WAV OJ:: WATES\., pl5TO~ 
.h£_CA<.TION , 
[ ---OUCT ~Jlr,.C&, -- -
T l T T 
c,vc,-
i ----- ---
_____ _, ,. -~ACH Y ~,-ApT. -






~EC,TION 'c1 -'c ' 


























:Z, - OFF / U fJ IT . 
\,,,,,07& 
0 1-JE" TOWIS-Q. i0 ee 




25.0t,,.f W, L . © e-o.c~ Ul,J IT TO &e ouTi: ---.0 WITM ~-QU I Q.=~ 
EqLJIPtr..1Et-lT WM IC,1-1 W ILi- INC ... UOE 
fly SEA. 6T-.TION MOOR.IN<. i: -~ -.JG.~ 
3/ TOWAGE" F ITi lNGS 
c,/ 3EA ~TtlTION NA.\/ I GA.TIOp.J L. IGMT6 
dy STOQM QA. IL~ TO DECK WOCU('lt-JCi / MAINTE ..... b.Nc.E .A~.EAS 
@u IT UNMANI-J E-0 AT SEA .STtlT ION 
AC.C0M lv10DATl01tJ OPbt.CE ,5 -0 PRO\/ IO.- ~-•--"E:Z 
&=012 t,.JOQ,,MA.L.. WOQ.KING ~ .e.UR VI V A.L., COloJO \" ... ', Ot-J'5 , 
HE MOOR.ED WAVE E N ER.GY UN IT 
WILL BE UNMANNED EXCEPT ON 
I SPECTION , REPA IR. y MAINTENANCE 
OCCASIONS. 
© COPYRIGHT JUNE 1~7B 
SCOTT LITH,oW LIMITED. 
PORT GL A 5GOW. 
HIS DRAW IN& IS THE PROPERTY OF scon Ll1"60W 4WD 
MUST BE TREATED AS CON<1DEN11AL 
REPRODUC TION OF ~IS 0RAWIN6 OQ ANY PAf<.T THEREOF 
0'1, UTIUSA11~ OR. C:OW,<UNICATIOM OF THESE C.ONTEtJlS IS 
PROJ-I IBITED WITHOUT THE WRlmN AUTHORITY OF &COTT 
LITH'°W UMITcO, 
COTT LITHGOW LIMITED 
DRAWING NO. WE f-5 L. /_j_ 
PROJECT~ WAVE :: EQGY. (.t!.E_L) 
OUTLINE -E ER.AL AC:12-..'> Gc:~1ENT 
OF WAVE Ef.-lERG'I Ut-.1 IT. 





























PO~:'.IIBLE OUILDl~G ~~UE"f.lCE. 
CD LAUNC,... UNIT © 
© MOVE PoRT u ... ,r @ ooWf.l &<RTH 
(';:'\ ror,.,iP1..ET1= UtJIT (Z) WH I L.ST 





h II I \\ .. 
' I 
f f 
EXT6NT OF EREC.TI~ UNIT © 
AT L,~UNG4-I TIM& OF Ut-JIT 0 
SUflJ6CT' TO LAUMC~ DRAG C...Al f.J REQUI REM6NTS , 
' ' 




I ' ' n 






I t -!- 1\ I 7 ' 
I I 
I I ---- I I r, I rf, 11 ' 
ELEV.:\TION AT GLE'-J YARD BERTH 
I I I 
UNIT0i 
I I I I I I 
' ' .j__ ' ' D ' I I I --- - ------- -- - "' 
..;. u1 DA.NCE NOTE~ . 
l}f.JITS SUILOl>JG IN OTHER. 6HIPY .. RDS. 
LAUMCl-<I NG P12ELIM l f.l .. RY l=V"1.U .. TION 
INDIC. .. TE'S THAT ASOIJT 2.ee METR.E5 
Of'. WATEiz. OVE'R, WAY ENDS W OULD 





- - ---- :-:::::-:--,,; __ -----~ 
·-+-
;' 
' l I I I ' : 
I 
I Uf.l lT 0 1 
--L =- ~ -
I I I I UN1T'i' 1' I I I I I \.'...) I - -- --; 







I -+ -+ -{-- : ~ ~'~------,-·,,_1-_-_-_-_-_-_-_,1 _ _:-.:::=--=:J 
_ _ _, __ • f - I ~ ,--- ,__.,_I---_-_ -_ __;J - ---
' I I ~t- - I I_ -- I ----;; . 
_li =-=1t.-=-=il==========ltt~==--=-=- -= -=---=- --n-=--- - _:l - - - =if - - - -i 1.----1----l- _..c.:-..c.--'l I - 11 - ._ ___ _,I ___ __ J t .-r ~-=t 
I : : I -·- ~~ I I I ' 
LJ 
I ! I I I l I '·, 
=:=~==ru~====~r===ihl-r=o~-ro~:~1t::::::::::::;===:::::::: 
~ 8-D CJLJ L-•. .J 
--
...----_OD ol~ ~ID 
I I 
PLAN VIEW SHOWING LAYOUT OF GLEN YARD BERTH 
11-IE. PR.OPOS&D 8lJILOlt,..IG 'SC,j,.jEME A.ND 
OTI-IEi:z.. Al.JTEAlt,,.lA.TIVE: e.LJIL..DING PROPOSALS 













SECTION AT GLEN YARD 
_PR-OPOSED BER.TH EXTEN510N 
© COPYRIGHT . ,UN: 1~7 8 . 
seen LITHGOW Ll>ilTEO 
PORT GLASGOW 
THIS DRAWING IS niE P~PERlY OF scon LITHGOW AND 
MUST BE TRE ATED AS CDNFlOfNTIAL 
REPROD\JCT',ON OF THIS DflAWlt-16 OR t,J,JY PAff! TH:R:'OF 
OR Ul'lLISATION OR COMMUNICATION OF THESE CONTENTS IS 




SCOTT LITHGOvV LIMITED 
DRAWING l'O W E /s L /2.. 
PROJECT$ - WAVE ENER,GY 
'N !:: l.)f-.JIT BUILDING ~CrlcM~ 
AT SCOTT LITHGOW'0 
GLEN YAR,D §EQ.TH . 
SCALE:- 1 : 500 























0 c:s = CJ CJD =o 
_________ a _____ o_c::rc:J.... ____ ~ D -----. c = 
.,._._.,_. _____ . --- - -----
LJ '> D .,. -~-c::r---.---,, ·1 p90 :c:- ;:i ·[OoUL / ~ L J . L-r y-.r _ · : .. . : 1 r JI= 'cf.···· L.J , .. , --- ~ ------ -
I!/:.. ::: :C:N::::;cy ul~IT 
DO =i Do 
~--
D 
v.:..;:::_ :'::_N_E£<~Y id_Nl_ 
WAvE ENERGY UNIT 
' 
' ' 
SECTION THROUGH DRYDOCK 
NOT 10 set.LE 
CJ 
%( . 
-- - - _I\____ 0/) 
SCOTT LITHGOW OJTFITTING QUAY 
- V 
SChLE :- 1 : 1250. 
r-
' 





.~ .; ~- .... -
i- ---Y- ; -~ ..,.-rr?77' ) j '7//// 
- , 10\J :.T :,r:0T'!:_ .- T_~Gow OUTFITTING 
SC.£..LE :- 1 : SOO . 
~ 
uNIT 
WAVE ENERG l -..,:~1T MOORE) 
A7 SCOT- L Tt-fGQ t/ QUAY 
OvAYSIDE CRANE 
w:..vE ENERGY UNIT MOORED 
AT SCOTT LITHGOW OUAY 
PLAN VIEW AT SCOTT UTHGOW OUTFITTING QUAY SHOWING WAVE ENERGY UNITS 
SCALE :- 1 : SOO. 
S.E_E PI 
)RYDOCK 
0~ [__ .-·>/ 
: 
-h ,. 5 :l~A/J:1116 __ U5JUJ!.5 -
'N~~~ :l'<!.(E, 
~tfO(l -o, 
~J1,;) •"l§ •Ill :lR'/ OOC.r:. 
.iJJNC\4 
[)c.,fENO •>J §_ ON ; ~•-•SEO l'IAJ~ :,,>'~6V UN•} ~'1•ft 
h _l>J!),C•i ON CF GAJt WION Of 4S r~J Wol!LD 
&~ ~'10,R!:!). 
© co~, RluHT JUt,JE lct75 
SCOTT L THoOW L IMITEO 
PO><T 6L'-5bOW 
THIS DRAWIN G I!, THE PROP!:R'l'r OF 5<.0TT LITHE,OW -,m 
t-1\J;,"!" ei: TRE.A.':EO ~5 COMFIDEN'TtA .. 
REPROD.J(T,ON OF THIS ORAWIN6 OR "NY PART THEREOF 
OR U"{ILISATION 0~ C0M•1UNICATION OF 'THESE CC'<TENT~ IS 
PR0141e1TEO WIT\40UT THE IIIRIITEN AUTHOR!l'( OF SCOTT 
_1'Tl-160W LIMITED 
SCv TT L 1 '-1...; '. U LIMITED 
DR-l.X/ING NO VE ~L -
PROvEc-s .- W~\E EN~RGY 
WAVE ENERGY UNIT Vv...:;:'::" .n 
SCOTT u-hGOW G~ -= -- ''-' "'"_., 
SCALES :- AS "'IARKE'.) 
:~ .. w, ~" ~·~~ ... 
I 
I 
I ,------,--------,--:,__-~---~------~ END ELEVATION . 


















PRS F ILE . 
T JW DOWf-J ~ 1VER Cl-JAN E:.... 
PLAls!_ 
:SECTION SHOWING l\~INJI\.IUM 
QIVE~ C~ANNEL DEPTH . 
UNIT BAL_A5TED TO 25.0 METR.E5, 
I.., D.EQ. TOW TO OF-F5l-lOR.E WATE~. 
.. 
l.._ - .... !- ... OOOS ~ E WE Ut-JITS AR<E 6ALLA°STED 
:o n u ,,i:,, REqU IR.EO ~ -5TAT 0~ R6SUL.il>IG IN 
N!l 'f n,e ( OlJNEC.ilON TO PE~Ul>.MENT MOOl<IINGS TO 
o = c .o. ~ Q, eo ou- AT SE1...E::-eo EA. STA"TI ON. ----· 
-
' I I I 
I I I I I 
I I I I I I I I I I I 
I I 
I 
I I I I 
I 
I I I 
I I I I 
I 
' ' I 
I 
' I I 1 I 
t: SELECTED 110E FOQ ALL 't'EAA 'N()Qt(' .. 2.6 ME'TlcS Ae0VE C~AAT OATIJt,i 
/'vtAlN RIVE~ CH~E.L 100 METR:ES 
POSSIESL.6 TOWAC.6 =i,IE'M6 FOW 
U>JIT TOW TO (IEA TO.TION • 
.2-TUG5 AFT 
2 - TUGE, FOR.-WARO . 
APPOOXIMATE LAU>JCU ORAFT-:5 
ABOUT 3.4v,/ 3-::>M . .'.>UfSJ EGT 10 F l>J AL 
!..AUi.JGH WEIGi-ff EVALUATION . 
TOWAGE 5~EME'5 TO BE 





* Pl20PO!)E0 W .W. UNIT 
8ALL.ASTING / De6AU..,AST1t,JG SITe 
:lEG PILOT :!oTU'C1'1 t,JO'f?!S 
O.L.Tcl;),i.JATl\/6 l!>AL.1.,0.1:,T\NG erTes §, 
U>JIT ClE'-1\/cl2N SCl->6CJUL.E'5 TO :SEA 
;:oTATION8 TO BE EVALUATED AT 
PQ..OJEGT STUDY TIME . 
© COPYRIGHT JUNE 1~76 
SCOTT LITHOOW LIMITED 
R:lRT GLASGOW 
THIS DRAW ING IS THE PWl'ERT'!'Of SCOTT LITHGOW AND 
MUST ~E TREA1ED AS GONF1DE~1I ... L . 
REPROOUCllON OF THIS ~AWING OR ANY PART THEREOF 
OR UTIL\5AT10tJ OR C0HV.UNICA110>l OF THESe CONTENlS 15 
PROHIBI\ED WITHOUT Tt-lE WRITTE.N AUTHORIT) oF seen 
LITH(;OW Ll><ITEO 
5COTT LITHGOW LIMITED 
DR.AWING NQ. I,_: /~ /2.... 
PR-00ECT5 WAVE E: ::R.GY ( N E.L J 
TOWAGE DOWN R,IVER, CHANi'·.JcL 
AFTER, LAUNCH, & TOWAG~ TO 
Ol=FSHOR,E W A-=RS ( BALLASTED - J .::::5. MJ 
1: 500 























POSSIBLE ORG AN ISATION STRUCTURE 
FOR 
VVAVE ENERGY SUPPORT SERVICE 
- ~1. W. E . U . --- - - - - - - .. - - - - - - - - -
--------_,,.- --....,_, / T.S . 
- - -





( , N 5PECTl0t-J I REPAI~ 9' 
\ MAINTEt-Jf:)..NCE= VESSEL'S 
DEPOT S~ t P T'IPE. 
~~--~ 
- - -
- --------·s~ . s .s . 







..--___ .,_. / .,,...,., 
STATIONS, ./ 
·-- ~ 
------------------ - ------ --------------------- W .E./S L ./ D.1. 
I Acr1v1ry ~A~ I ® 
I 
I 
_ #tJN7"H$ 1 ~ _ .... 3' _ 4 5 6 I 7 B !J JtJ 11 1~ 13_ 1 14 1~ j~._ 17 /8 ._19 ... 20 ~I 2t ?3 .l4 ~5_ 26 27 2B---l-2_.9_._:_o _o ....... 3_! _~.2. 
M/~r I -,-- ; - -;::;l::;:;:E~Y ~--_-_ -_ - -~ -f- -~ -= - ~,~ I --t ---~ - --~--+- - -~•~ ..--1--__,__ t I j : 
I- ~-- f:tJ:~::;H~-"-ve-~----_ -_-___ 1·~ ===1=_-1_!..._>-_ -~~:~>-~~:1~--~-=-i~---=_:_j=-:_+~j ~~!--=~~--~~~--+-~:_-~=---==+----·::_ ___ __.~-----l-__ ---1---__ , ~-::~::_,_-_--1-1-=--=·--+----=-=:-=-:-~-=-~-+-l:1---____ +-1-!' -=--=-:!-=-= 
___ A_ r_ S_._L_._Q_ v_A_Y ________ ~ 1 ___ _,; __ l~ __ l-4-_+-~l -~---+--t--t---t-----r-----+--+--+--11c-__ ~-+--+---~--i--~-~1-~-~'-I I I ' I I i I I I -l--~~~M~o-Z~U-~-q~--~-~-~---~~,~:~1~r~.,-~-~;,~-~---=~~~-i-+-~4~1~- ~~~1i1 ~~l~~~~~:_ I 5 _ 5rEF-L. D.EL_,vJE_ ~Y_ ! I 1 ' , I - _-_-_ ,
7
1 FA-aJ.?1cA-r1"N -->-----I-- __ .__ - -r-+ T ~ t- -t L -1-'--1 --+-I- ... - - -~ ~
1 
-- I 1 --
= . E/<KC.TICN - - --1-----,c------+----t----+--rl --l-1 tt~--t-__ -----=-,-=--=-1 ==' ---<1-----+---I --+j----,-~·--t-\ --+'--i-l --t---f---l1i---+-1-
s LA-lJNCH <t. .11._4_-M_'ZJ_ O_V.:_'E_R ___ -l_ : · r - , --f----- : , - r - 1 1 • · · · 
- 1,--l,-.-.--Ar_ S_. -L.- Q- tJ_A_Y __ ,___ -- --+---+---l--l--t--+---1-- -t-- - I I I --- I I i I 
, _-___ 1 ________ --1-~..____- ---+----+-----1-----+--, --- - - --~ -+ 1 t- I_---+- ~T__L _ _ r-: -r- __ · ---i-!--i--i -----+-j _ 
_ , , I Ne 3 tl.- N-1.r.-. ---"-----1--_ ----'--~---'-- -- -
1 
--~_t l • : 1 ~-~~ F-_ =-~ '.-===-=-t-~----:. -1 - _- -_ -__ - -+---I _1
1 
~! -
9 I Sre£L .DGL/1/ERr 












I l I i -, 
l 
1 /() FA--sA.,cA-,,oN ______ __._ _ _,___~-- ____ _ _ _ __ 1 r i , ~- _ 1 , _ L-'----£ R 4i C r, O _ _ - ~ --t - · f • ~ - f ,~ _____ ...,...: -----'---,---
LAV N ~ 4 HA-ND C>v&~ _,.__, _.....____.___...______,_ __ -l-+-- -, __ ---,-- l -I -I __._' - - -+ --,-I, ---"---~ _ __,_J ______ ___._ _ ___.__ 
h__ S.L.... 0 (/ ,4 V ' --+---+---+---+---'-' -+I --+----+----+-----+-------+---i-1 __ __;_ _ _;____;__~~' 
- · __ _... ____ --i----+---+---1-----~----<.-----+-~- I _L,_
1
._ ____ .. __ ___._I_ I : I-~,-_ -I --+-I 
No 4 {/ N 17 1 -+-- · . 1 -- I · ' -I 
-----+- --- - ~--.---+----+---c 
I I 
I - -- --1----1---+--i---L-->-------i -+-·-__. _ _._~, - - - --+--+-:--+!-- l I 
I /.3 SreEL Dfi.L/Ve~.Y I i - 1---~--.....;• ___ ;..__ _ ..;,.._....;.._ - - ---- ---'------'----+---!--·-,_ ___ .. ---+-t---1, --+---+---1--r---+ ... - --I---- - I I I I I I I 
/4 FA-8~/CA-770.N 1 1 ' -1- / 6 : EI< ,E er I O N'---------1--1-- I I ~ ------+-.._-+-~---+---_-+-,_--, ---4- I- - _--!-,__-_-+-,__ - _r..._ - ~-+-----+---.-1-....-' -+-' __ 1 ---i-'--+1 __ 
lb LA-UNCH 4 H4Nt> OVER , i - , - -- -- -- - - - - - j _j ' j ~I - I -'--=---=~=-:LI--+-- -+--+---+--- --+-----+-----+ - I i ---t-- ~ -
------+--..!..Ar __ s_ . L. oJe1,,y ___ , _ ____.__ --1--i -+---+--+----+----1--+---+- _.... 14r4_~ '2> .5vB?~~uNf-N'!.- Vty_1r.s+ftz ---+!--1-----+_
1 
_ __,___ _ --c 





---+----+--+----+--+---!---+---+--+- _ __,__, _ __,__..___.____,.____.___......_ ·-~ - -+- --+--+---1----1---1-----+---4-------,li---_ 
l 
ROXBURGH DINARDO & PARTNERS 
CONSULTING ENGINEERS 
MIRREN HOUSE 
6 MAXWELL STREET 
PAISLEY 
TEL 041- 887- 0421 
I 
Sr.et='- UN1rs Job No. 
5el'2./.E..$ Bv/LP/NQ P~ot;/2A-l'-fHe 
P12ep4-.4.~c, By Sct:>'TT L/'THa-cwb~. 





















DRAWNG No.AJ -Y.5 /r;,c,:,56 DO NOT SCALE. DIMENSIONS IN 
8 






















- - -- t---- ---r------------~----L,..___-
- I- -- --~--- -1------ -'--- -~ 
f-------,11e----~1,---~ -f-------i f------~' 
._. - - - _i: ~ - - - - .,- - - - - ~ _ i ~ - - - -J ,_____ -
i 
-- - - r-- - - - - i....... -
II 






ZONE SIGN F?\RT No. DATE PROJECT No. JOB No. TITLE 
ASSYNo. 
No.OFF 
Jv~Y 178 Y5 De Y2 /OO;v'w C?"'-".C. /6 .... c:RS:"A? 
DRN. TRD. CHK'D. APP. Rccp~y;,vG vA'-vc.5 





































a) SA 8@ A,t"L:1::/d -""'4.:'E,O ,q'y 
.oes,-c,v ~v.::, ~J:'fE.:> -c 
S...IR.,...A.:'E 
A 
DO NOT SCALE 
~ .. . 
7 
DIMENSIONS IN UNLESS OTHERWISE STATED. 
PLAN 
W!NC/.1 ~ ---- -
----
0 .1 C 
2 
6) 0 , 1\ ,C l"CS/ T/ CVE,O AN'O lrfCOREO ov~ MCIOVLE 
c) A:>PEa ' A'7.4.C#,E.::;) TO W'/NC"AI0/\/0. W,C, / SReas.:£' 
ATC ' ANO CCNNECT'E,O 7"~,0EA ' 4T T,¥,!' ,5,,t'oy 
o.w. , . 
4 
F~BLE COli GXTEN.OEL) 7D AG'COAIOC16.7'F NAXIM/.IM 
/N T.41,: #Q.{"'/.,2'0NTAL AIVQ var/~ 
. PLAN£S /NA .NO,WNA.l 0£,PT,I,/ 0.,... BOAi. 





d) CO..VN'£"7m ROPE:. AR,:- RE,t.:AS~ .,...,R,)11,,f ,9µ,:) y AA.=' AUOW.:,O ro 5,',v,< 
'1) -,,.,E COA/'61/#£~ <"\'.:lO.!"' /.S ~NC#~ JP ';.,.,CV -,,.-,1' 7",.,/&° /#7'HE 01-W 
,=l<?",E,,V.,ONV-3 T#,: cAS ... ,:! ,J-0..,/S v~ CO/L ,_/,\/7/',.C ;r,.,,E ~ £,¼;) ;'OP 
~.5 1Wr.41 THE ,e.,a.5-5 o,v :,;,.,,-,=- owe 
f) 7'/1£ ct,,W£CT/o,v' 5 r ,-,,:;,., L.., «EO /N ros, "70,v 
~EX/&.E ,1-/,S'µ'C,lt co~ /,NA ~ALL y 
ST-<:',:7t:/,,IE,O C ONO/T / ON 
C D E F 
® 
DATE MODIFICATIONS ZONE SIGN PARTNo DATE PROJECT No JOB No TITLE NATIONAL ENGINEERING 
t--+-------------+---t---t----+--t--+--+--t----+---:-:--+-----t LABORATORY 
B 
ASSY No :rt.1t.Y 7e >'SJ:J£Y2 icc,JW o. W c ,q,.,;« 5 " -·.,.\ EAST KILBRIDE, GLASGOW. 
1---~--------------+------+-----.1---,;..._--+--+----+----.f-----+-----r---'-"""T""---1 s.~~7.:" OE$$\ ~ .:,, - ...W ~ 
No OFF ORN TRD. CHK'D. APP. ~o,.t:>l"';f 7:uE-"~ DRAWING No 
..._--f---------------+---+----lt-----'-----'-----'----JL--_f----+---+----f----f-==--':...===---'-'c...a....=-----'=-t .f· \6 _,, V...,.1_: 7 





















DRAWING No Ai · Y5. /GG45 DO NOT SCALE 
8 







DIMENSIONS IN UNLESS OTHERWrsE STATED. THIRD ANGLE PROJECTION SYMBOLS TO B.S. 08.


















1i, -LE NWMSE,e 
s.EeA/ -~~I, ,'Of' 
,ROO,!' ca.vsr-<"""7?0AI 
25 o.wc. /N' L/NE ~ 13 ·5 K'M ----'--------------- ---~ I 
/ 
5 1-1.AOro AREA IS At'AXIMUM 
EXCU<'SI0/\1 ~ o. W.C ,=A_C.1;.,A.~ 
5£.cA l -y~~ 
\ 
' l 
- -- ---...,.___- -
O. W.C. M'OOR/NGS S-#Ow'N /Al Th'E PRE-TENS/ON a:,,vo/770...V I 
f : 2500 
C D E F 
DATE MODIFICATIONS ZONE SIGN PART No DATE PROJECT No JOB No 
TITLE NATIONAL ENGINEERING 
l---+---------------t-----+-----1----+---+---+---+---+----+----
-------1 700MW owe. /-'OW& srA;,; LABORATORY 
ASSY No .Jw.y 7e Y:SOEY 2 R£,#'P~e.: A100A'.1N6 ,t;,£.5,1,;,y EAST KILBRIDE, GLASGOW. 
1---+---------=--------+---+----l~N-o-O-FF--+--+-~--+---+-D-R-N-1--T-R_D_. --.--C-H_K ..... 'D-.~A-PP-.-
1 ~OCAT/oA/ ,"'t4!{ DRAWING ~ } 
--+--------------1-----1--+H-AT_E_R_IA_._L _......____...___..__---1-W.-A-./.-+------1f----+----+-F-RA_































DO NOT SCALE DIMENSIONS IN 
91# ·5"1 t ~3 51v1 co'7RGS"ONO ro -r;,£ 
,#£AK A.ND r.eot/G# µf/G#T!S RE5P. 
,qv,1( SEA S EO Wlilt'H COt.lt O OC(t-42 
OUR/,VG A IOOYEA<' 570RM / /II A 
~A7'ER o.£PTH' OF 80 A/ 
B 
C 
UNLESS OTHERWISE STATED. THIRD ANGLE PROJECTION 
l 
END SECT/ON 7'4-'RO O.W.C 
( ~ 5 Af/7) 
S0 "'1 
/,IA)/. -i t PRE · TE/1/5/0N 
I POS/TION 
D 
SYMBOLS TO B.S. 308. 
MO.,RIN3 ROO,= Oll'A/LS 
!Al t..lN'STRE?t'/.IE.O .Pc-5/T/o/\l 
E F 
UNTOLERANCED MACHINED DIMENSIONS TO ± 
-~-------'<"'--~-----~<_:,,. 
q 
DEAL)WE/ GH T f 
8RllCE ANCrO.R 
' 









ZONE SIGN PART No DATE PROJECT No JOB No TITLE NATIONAL ENGINEERING 
l--+--------------~---l----+---l---1---1---1----IL----11-------1'------.t /OOMW O w.c, ,:32WER S?:4i!ON LABORATORY 
DATE MODIFICATIONS 
ASSY No vt.Y 78 Y5DEY 2 EAST KJLBRIDE, GLASGOW. 
l---+----------------t---1---1----+---l----1---1---1-----1---~---l.~---1 RV~& ,¥00-<?Ry'G .o£'S/G"{ 
No OFF DRN TRD. CHK'D. _APP. Ri,.o#J AN'O naCIIM DRAWING No 
l-----t-----------~---+--+---J.._-L_..J._____1._4-_-4 __ +-_-+-.:__~f--.=,a~ ........ ;.:;...:....:;;==~-t Af· Y£1f ~~4~ 
MATERIAL VJ A.t FRAME 55'4 mm. x 801 mm. 7 . 
. 
" 
